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SYNTHESIS, CHARACTERIZATION AND ADSORPTION KINETIC 
STUDIES OF UREA-FORMALDEHYDE RESIN NANOCOMPOSITES 
SUMMARY 
Nowadays, the accelerating usage of water in industry and global warming is causing  
water sources to be exhausted. The industrial wastewaters have been changing the 
natural balance sometimes this is irreversible. Therefore the industrial wastewaters 
must be refined to prevent the natural water places.  
Dyes are an important source of industrial pollutants. They are often found in the 
environment as a result of their wide industrial use. Many industries such as textiles, 
paper, rubber, plastic, leather, cosmetics, food, and pharmaceutical colorify their 
products with dyes.  
Textile industry, one of the biggest industries, causes to a substantial amount of dye 
pollution in wastewater.  Because of these reasons, increasing attention is paid to the 
removal of dyes from aqueous systems in the last few years. There are various 
technologies and methods including coagulation–flocculation, oxidation–ozonation, 
membrane filtration, biological degradation, electrochemical processes and 
adsorption used in this sector due to discharge the hazardous dyes from textile 
wastewaters. 
Nowadays, adsorption has been recognized as the most popular treatment process for 
the removal of dye from an aqueous solution due to its simplicity, high efficiency, 
easy recovery, and the reusability of the adsorbent 
In recent years there have been studies for improving low cost, economic, and 
effective substitutes as adsorbent. The polymer-clay nanocomposites is one of the 
new type adsorbents have received great attention because of its relatively low 
production cost and high adsorption capacity for dyes.  
In this study, Urea-Formaldehyde resin (UFR) and its nanocomposites (UFH and 
UFM) containing halloysite (HNT) and montmorillonite (MMT) were prepared and 
investigated suitability as adsorbent to remove Methylene Blue (MB) and Red Grlt 
(RG) from wastewater. The clays were used for the production of nanocomposite 
resins in 2wt.% and 5wt.%.  
UFR was synthesized by condensation polymerization under acid condition. Urea-
formaldehyde resin nanocomposites (UFRNC) with swelled HNT and MMT were 
produced under acidic condition by in-situ polymerization technique. The 
synthesized samples were structurally defined by performing the FTIR, XRD and 
TGA characterizations. 
The adsorption experiments of these samples which were taken 0.05 g were carried 
out on MB and RG dye solutions with 40 mg/L concentration at 30 °C. Changes of 
adsorption capacities (qt ) with time data were plotted on qt-t graphs. 
xxii 
 
After determining the adsorption capacities of the clays and UFRNCs on MB and RG 
dyes, the applicability of adsorption data on the rate equations was investigated and it 
was found that pseudo second order rate equations were fitted to the data. The effects 
of amount of adsorbent on adsorption capacity were investigated for UFM5% sample 
with 0.01, 0.03 and 0.05 g amounts on MB and RG dye solutions of 40 mg/L by 
performing adsorption at 30 °C. The results of this experiments showed that the 
adsorption capacity decreased by increasing the amount of adsorbent. 
The adsorption experiments at various temperatures are performed by using 0.05 g of 
the sample UFM5% on MB and RG solutions with 40 mg/L concentration. The data 
taken from the experiments at 30, 40 and 50 °C temperatures, the activation energies 
(Ea), adsorption equilibrium constants (Kc), Gibbs adsorption energies (
0
G ), 
adsorption enthalpies ( 0H ), and adsorption entropies (
0
S ) were calculated by 
thermodynamic calculations. From these calculations it was found the type of 
adsorption (physical adsorption), the spontaneity of adsorption (nonspontaneous), 
and the type of heat of adsorption (endothermic).   
The adsorption experiments of the sample UFM5% with 0.05 g amount on MB and 
RG solution at 40, 80, 120 mg/L concentrations were performed at 30 °C and the 
results were applied on the Freundlich, Langmuir Temkin and Dubinin–
Radushkevich isotherms. Although Freundlich and Langmuir model were better 
model to describe the adsorption data for MB and RG, all of four-isotherm models 
for each of dye adsorption were fitted well with the experimental equilibrium data. 
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ÜRE-FORMALDEHİT REÇİNE NANOKOMPOZİTLERİNİN SENTEZİ, 
KARAKTERİZASYONU VE ADSORPSİYON KİNETİKLERİNİN 
İNCELENMESİ 
ÖZET 
Ülkelerin sanayileĢmesi ile birlikte endüstriyel bazlı su kullanımının artması ve son 
yıllarda ortaya çıkan küresel ısınma sorunu, yüzeysel ve yeraltı su kaynaklarının 
tükenmesine  sebep olmaktadır. Endüstriyel atıksular, doğal dengeyi değiĢtirmekte ve 
bazı durumlarda bu  değiĢim geri dönülmez nitelikte olmaktadır. Bu nedenle endüstri  
atıksularının doğal su ortamlarını kirletmesini engelleyecek Ģekilde arıtılması 
gerekmektedir.  
Boyar maddeler endüstride yaygın kullanımı nedeniyle sıklıkla görülen endüstriyel 
kirlilik kaynaklarından biridir. Tekstil, kağıt, kauçuk, plastik, deri, kozmetik, gıda ve 
ilaç gibi birçok sanayi ürünlerini boyar maddeler ile renklendirmektedir.  
En büyük endüstri dallarından biri olan tekstil endüstrisinde, tekstil boyasının 
uygulanmasında suyun çok büyük bir önem taĢıması dolayısıyla boyamada kullanılan 
yüksek su tüketimi, atık su üretimini arttırmaktadır. Bu kirli atık sularda gözlenen 
kirliliklerin en önemli sebebi kullanılan boyar maddelerdir. Suyu kirleten renkli atık 
sular, suyun hem görünüĢünü hem de ıĢık geçirgenliğini azaltır. Renk 
konsantrasyonunun artması çözünmüĢ oksijen miktarının düĢmesine ve canlıların 
yok olmasına sebep olur.  
Atıksularda önemli miktarlarda boyar madde bulunmasına yol açan kaynakların 
baĢında gelen tekstil endüstrisinin hızla geliĢmesi ile beraberinde getirdiği artan su 
kirliliğine engel olmak için sulu ortamlardan boyar maddelerin uzaklaĢtırılması 
iĢlemine artan bir ilgi vardır. Koagülasyon - flokülasyon , oksidasyon - ozonlama , 
membran filtrasyon , biyolojik bozulma , elektrokimyasal iĢlemler ve adsorpsiyon 
gibi bir çok method boyar maddelerin atıksulardan uzaklaĢtırılması için tekstil 
sektöründe kullanılmaktadır. 
Günümüzde adsorpsiyon kolaylığı, yüksek verimi, kolay geri kazanımı ve yeniden 
kullanılabilirliği nedeniyle boyar maddelerin sulu ortamlardandan uzaklaĢtırılması 
için en popüler yöntem olarak kabul edilmektedir.  
Son yıllarda, araĢtırmacılar düĢük maliyetli ve etkili adsorbentler geliĢtirmek 
üzerinde çalıĢmaktadırlar. Bu çalıĢmalarda doğal (kil, zeolit, kitosan, selüloz) ve 
yapay (aktif karbon, silika jel) birçok adsorbent kullanılmakla birlikte polimerik 
nanokompozit materyaller üzerine ilgi artmaktadır. Özellikle polimer-kil 
nanokompozitleri düĢük maliyeti ve yüksek boyar madde adsorpsiyon kapasitesi 
nedeniyle dikkat çekmektedir. 
Polimer-kil nanokompozitleri kil ve polimerin fiziksel ve kimyasal özelliklerini bir 
arada bulundurabildikleri için artan bir öneme sahiptir. Az miktarda kil ilavesiyle, 
polimerin adsorpsiyon, iyon değiĢtirme kapasitesi, termal ve çözücü direnci gibi 
birçok özelliği modifiye edilebilmektedir. 
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Bu çalıĢmada, üre-formaldehit reçinesi (UFR), bu reçinenin haloysit (HNT) içeren 
reçine nanokompoziti (UFH) ve montmorillonit (MMT) içeren reçine 
nanokompozitleri (UFM) sentezlendi ve atık sulardan metilen mavi (MB) ve kırmızı 
grlt (RG) boyar maddelerin uzaklaĢtırılması için adsorbant olarak kullanılabilirliği 
incelendi. UFRNC örnekleri, UFR içerisine kütlece % 2 ve % 5 oranlarında HNT ve 
MMT killeri eklenerek elde edilmiĢtir. 
Üre-Formaldehit reçineleri kondenzasyon polimerizasyonu ile asitli ortamda 
sentezlenmiĢtir. Suda ĢiĢirilmiĢ HNT ve MMT killeri üre-formaldehit reçinesine 
asitli ortamda eklenerek in-situ polimerizasyon yöntemiyle üre-formaldehit reçine 
nanokompozitleri (UFRNC) hazırlanmıĢtır. Asitli ortamın reaksiyon için gerekliliği 
haloysit kilinin reaksiyon içerisinde asit ile aktive olabilmesinden 
kaynaklanmaktadır. Hazırlanan örneklerin FTIR, XRD ve TGA karakterizasyonları 
yapılarak sentezlenen örneklerin yapısal tanımlamaları yapılmıĢtır. 
Adsorbent üzerinde adsorplanan boyar madde kütlesinin (mg), adsorban kütlesine(g) 
oranı olarak tanımlanan adsorpsiyon kapasitesi (qt) belirli boyar madde 
konsantrasyonu, adsorban kütlesi ve sıcaklığın zamana göre değiĢimiyle 
incelenmiĢtir. Deneyler örneklerden 0.05 g alınarak 40 mg/L konsantrasyondaki MB 
ve RG boyar madde çözeltileri kullanılarak 30 °C‘de yapılmıĢtır . Öncelikle killerin 
adsorpsiyon kapasitesi ölçülerek MB boyar maddesinin daha yüksek adsorpsiyon 
kapasitesine sahip olduğu gözlemlenmiĢtir. Kütlece % 2 ve % 5 oranlarında MMT ve 
HNT içeren nanokompozit örnekleri kullanılarak belirlenmiĢ adsorpsiyon 
kapasiteleri kıyaslandığında ise adsorpsiyon kapasitesinin her iki boyar madde için 
artan kil miktarıyla arttığı gözlemlenmiĢtir. UFRNC‘leri içerisinde en yüksek 
adsorpsiyon kapasitesi % 5 MMT içeren UFM5% örneğiyle elde edilmiĢ ve bundan 
sonraki deneyler diğer parametrelerin (boyar madde konsantrasyonu, adsorban 
kütlesi ve sıcaklık) adsorpsiyon kapasitesine etkilerini incelemek üzere UFM5% 
örneği ile devam ettirilmiĢtir. Adsorpsiyon kapasitesinin (qt ) zamanla değiĢimi 
verileri qt-t grafikleri ile gösterilmiĢtir. 
Killerin ve UFRNC örneklerinin ne kadar boyar madde adsorpladığı bulunduktan 
sonra adsorpsiyon hızının hız denklemlerine uygulanabilirliği araĢtırılmıĢ ve yalancı 
ikinci derece hız denklemine uyduğu belirlenmiĢtir.   
UFM5% örneğinden 0.01, 0.03 ve 0.05 g miktarlarda alınıp 40 mg/L 
konsantrasyondaki MB ve RG boyar madde çözeltilerinden 30 °C‘de adsorpsiyon 
yapılarak adsorban miktarının adsorpsiyon kapasitesine etkisi araĢtırılmıĢ ve 
adsorban miktarı arttıkça adsorpsiyon kapasitesinin azaldığı bulunmuĢtur.    
UFM5% örneğinin 0.05 gramı 40 mg/L konsantrasyondaki MB ve RG boyar madde 
çözeltilerinde kullanılarak farklı sıcaklıklarda adsorpsiyon deneyleri yapılmıĢtır. 30, 
40 ve 50 °C sıcaklıklarda boyar madde adsorpsiyonu deneyleri yapılarak sıcaklık 
arttıkça adsorpsiyon kapasitesinin arttığı bulunmuĢ ve deney sonuçlarından UFM5% 
örneğinin her iki boyar madde için termodinamik hesaplamalar kullanılarak 
aktivasyon enerjileri (Ea), adsorpsiyon denge sabitleri (Kc), adsorpsiyon Gibbs 
serbest enerjileri ( 0G ), adsorpsiyon entalpileri ( 0H ), adsorpsiyon entropileri (
0
S ) 
hesaplanmıĢtır. Bu hesaplamalardan adsorpsiyon tipinin fiziksel adsorpsiyon olduğu, 
adsorpsiyonun kendiliğinden gerçekleĢmediği ve adsorpsiyonun endotermik olduğu 
bulunmuĢtur.  
0.05 g UFM5% örneğinin 40, 80, 120 mg/L konsantrasyondaki boyar madde 
çözeltilerinden adsorpsiyon deneyleri 30 °C‘de yapılarak baĢlangıç konsantrasyonu 
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arttıkça adsorpsiyon kapasitesinin arttığı belirlenmiĢ ve sonuçlar Freundlich, 
Langmuir, Temkin and Dubinin–Radushkevich adsorpsiyon izotermlerine 
uygulanmıĢtır.  Deneysel sonuçların MB adsorpsiyonu için Freundlich izoterm 
modeline ve RG adsorpsiyonu için Langmuir izoterm modelline daha uygun olduğu 
bulunmuĢ olsa da deneysel veriler her bir izoterm için uygun görülebilecek sonuçlar 
vermiĢtir.   
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1.  INTRODUCTION 
The world‘s population and in parallel our country‘s population is rapidly increasing. 
Besides population growth, the increase in the rate of industrialisation causes natural 
sources to decrease. Undoubtedly water is the most crucial natural source for the 
human life. Even in country that is surrounded with seas in three sides and has a lot 
of water body, there is concern that in future there will be water shortage. The water 
that is contaminated and has changed features partially or completely because of 
domestic, industrial, agricultural and the other uses is called as ―wastewater‖. 
The pollutants from different sources are introduced into the natural water resources 
or wastewater treatment systems. One of the main sources with severe pollutants 
problems worldwide is the textile industry and its dye-containing wastewaters (i.e. 
10,000 different textile dyes with an estimated annual production of 7.105 metric 
tonnes are commercially available worldwide; 30% of these dyes are used in excess 
of 1,000 tonnes per annum, and 90% of the textile products are used at the level of 
100 tonnes per annum or less) [1].  
Dyes may be defined as substances, when applied to a substrate provides color by a 
process that alters, at least temporarily, any crystal structure of the colored 
substances. Such substances with considerable coloring capacity are widely 
employed in the textile industry [2].  
The textile industry consumes huge volumes of water in different wet processes and 
as a result it was obtained significant amount of colourful wastewater from dye 
process. Therefore, there is a definite need for a dye/color-removal technology that 
works suitably under the above circumstances and is cost-effective. 
Various methods of dye removal, including aerobic and anaerobic microbial 
degradation, coagulation, chemical oxidation, membrane separation, electrochemical 
treatment, dilution, filtration, flotation, softening, hydrogen peroxide catalysis, and 
reverse osmosis, have been proposed from time to time. However, all of these 
methods suffer from one or another limitation, and none of them were successful in 
2 
completely removing the color from wastewater. Although biological treatment 
processes remove BOD, COD, and suspended solids to some extent, they are largely 
ineffective in removing color from wastewater, as most dyes are toxic to the 
organisms used in such processes. The coagulation process effectively decolorizes 
insoluble dyes, but it fails to work well with soluble dyes. Chemical destruction by 
oxidation is effective, but the oxidant requirements are very high and thus expensive. 
Photochemical degradation in aqueous solution is likely to progress slowly, as 
synthetic dyes are, in principle, designed to exhibit high stability to light. 
Accordingly, the removal of dyes from effluent in an economical fashion remains a 
major problem. Removal of dye by adsorption is a relatively new technology [3]. 
Nowadays, adsorption has been recognized as the most popular treatment process for 
the removal of dye from an aqueous solution due to its simplicity, high efficiency, 
easy recovery, and the reusability of the adsorbent. The most widely used adsorbent 
is commercial activated carbon, but the cost and the difficulty of regeneration limit 
its application. For this reason, many researchers divert to low cost, economic, and 
effective substitutes. Some of the reported adsorbents include zeolites, siliceous 
materials, agricultural wastes, industrial by-products, biomass, clay materials and 
polymer-clay nanocomposites [4]. 
Nanocomposite technology with layered silicate nanoclays as in situ reinforcement 
has been intensively investigated in recent years. Essential improvements of physical 
and mechanical properties have been observed for various thermoplastic and 
thermoset nanocomposites at low nanoadditive content. The important characteristics 
pertinent to application of clay minerals in polymer nanocomposites are their richest 
intercalation chemistry, high strength and stiffness, abundance in nature, low cost 
and high gas barrier quality [5,6]. Besides, nanoclays are natural environment-
friendly materials with high specific surface area and now widely used for the 
adsorption and removal of the organic pollutants. The some of most-used clays as 
nano-adsorbents are montmorillonite/smectite group and halloysite/kaolin group 
clays [7]. 
Halloysite nanotube and layered silicate montmorillonite are nano additives used in 
the preparation of nanocomposites for enhancing the mechanical, thermal, fire-
retardant and adsorption performance of polymers. Halloysite is mainly composed of 
aluminosilicate and has a predominantly hollow tubular structure with the chemical 
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composition while montmorillonite which is a layered silicate mineral is an 
absorbent aluminium phyllosilicate [8,9]. 
Urea-formaldehyde resins are the most prominent examples of the class of 
thermosetting resins usually referred to as amino resins. Urea-formaldehyde resin has 
advantages of low-cost, abundant source of raw materials, manufacturing process is 
simple [10].  
In the present study, urea-formaldehyde resin and its nanocomposites with halloysite 
and montmorillonite which include 2 wt% and 5 wt% of contents were synthesized 
under acidic condition by in-situ polymerization technique as a new type adsorbent 
for the dye removal problem of textile wastewaters. 
The adsorption of methylene blue and red grlt onto urea-formaldehyde resin 
nanocomposites was investigated in aqueous solution in a batch system with respect 
to adsorbent dosage, initial dye concentration, and temperature. The chemical 
structure of the samples were analyzed using Fourier Transformed Infrared 
Spectroscopy. Interlayer distances of nanoadditives (d001) of samples were 
investigated by X-Ray Diffraction Analysis. The thermal stability of the samples was 
obtained from Thermal Gravimetric Analysis. Adsorption kinetics of the resin 
nanocomposites were determined for two kind of cationic dyes at different conditions 
such as, dye concentration, temperature and amount of adsorbent. The adsorption 
data on the rate equations were used to describe the kinetic data and the rate 
constants were evaluated. The Langmuir, Freundlich, Temkin and Dubinin–
Radushkevich adsorption models were applied to describe the equilibrium isotherms 
and the isotherm constants were also determined. 
 
 
4 
 
5 
2. THEORY 
2.1 Polymer Nanocomposite 
The term ―nanocomposite‖ is widely employed to describe an extremely broad range 
of materials, where one of the components has a dimension in the nanometer size 
scale (< 100 nm) [11,12]. A composite material is made by combining two or more 
materials to give a unique combination of properties. 
Nanocomposites technology is a newly developed field, in which nanofillers are 
added to a polymer to reinforce and provide novel characteristics. This technology is 
applicable to a wide range of polymers from thermoplastics and thermosets to 
elastomers [13]. Polymer nanocomposites offer the possibility of substantial 
improvements in material properties with only very small amounts of nanoparticles 
dispersed in the polymer matrix [14]. 
2.1.1 Polymer-clay nanocomposites 
Polymer-clay nanocomposites have been receiving great attention in many 
applications. They are similar to conventional composite materials in that both 
conventional composites and polymer clay nanocomposites include filler to obtain 
improved properties. On the other hand, fillers in the polymer-clay nanocomposites 
are in nano dimension in one direction and have better properties in lower filler 
loadings (1-5 %). Polymer-clay nanocomposites are accomplished only when silicate 
layers are broken down individually in polymer matrix as shown in Figure 2.1. In 
addition, when compared with pristine resins, polymer clay nanocomposites have 
better mechanical, thermal, flammability and barrier properties. These improvements 
are achieved by large surface area to volume ratio of well distributed and exfoliated 
clay minerals [15,16]. 
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Figure 2.1 : Schematic illustration of different types of polymer-clay 
nanocomposites [17]. 
Depending on the strength of interfacial interactions between the polymer matrix and 
layered silicate (modiﬁed or not), three different types of polymer/layered silicate 
nanocomposites are thermodynamically achievable as shown Figure 2.1. 
i. Intercalated nanocomposites: in intercalated nanocomposites, the insertion 
of a polymer matrix into the layered silicate structure occurs in a 
crystallographically regular fashion, regardless of the clay to polymer ratio. 
Intercalated nanocomposites are normally interlayer by a few molecular 
layers of polymer. Properties of the composites typically resemble those of 
ceramic materials. 
ii. Flocculated nanocomposites: conceptually this is same as intercalated 
nanocomposites. However, silicate layers are some times flocculated due to 
hydroxylated edge–edge interaction of the silicate layers. 
iii. Exfoliated nanocomposites: in an exfoliated nanocomposite, the individual 
clay layers are separated in a continuous polymer matrix by an average 
distances that depends on clay loading. Usually, the clay content of an 
exfoliated nanocomposite is much lower than that of an intercalated 
nanocomposite [18]. 
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2.2 Clay Minerals 
Clay minerals are phyllosilicates (layer silicates) that dominantly make up the fine-
grained fraction of soils and sediments. It is now generally accepted that the majority 
of clay minerals are crystalline. This so-called clay-mineral concept, however, only 
dates back to the late 1930s by which time the crystallinity and structures of the main 
groups of phyllosilicates related to clay minerals have been established [8]. 
 
Figure 2.2 : Schematic illustration Bottom: (A) a silica tetrahedron in which the 
central silicon ion is coordinated to four oxygens; (B) a tetrahedral sheet 
formed by linking silica tetrahedra through corner-sharing. Top: (A) an 
alumina octahedron in which the central aluminium ion is coordinated 
to six hydroxyls; (B) an alumina octahedral sheet formed by linking 
octahedra through edge-sharing [8]. 
Clay minerals consist of small crystalline layers of aluminosilicates in various 
compositions, with possible iron and magnesium substitutions by alkalis and alkaline 
earth elements. There are two types of sheets (units) in each aluminosilicate (or 
phyllosilicate term is used for a more general name) layer; Octahedral and tetrahedral 
sheets (Figure 2.2). Silicon-oxygen units form the tetrahedrons where one silicon 
atom is surrounded by four oxygen atoms in the corners; three of the four oxygens 
are simultaneously attached to adjacent tetrahedrons. These tetrahedrons are linked 
so as to create hexagonal rings. This pattern repeats in two dimensions and forms a 
tetrahedral sheet. Similarly, Aluminum and oxygen units form the octahedrons where 
one aluminum atom is surrounded by eight oxygen atoms. These octahedrons also 
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repeat in two dimension and form an octahedral sheet. Also there are hydroxyl 
groups at the edges of each clay platelet [17,19]. 
2.2.1 Classification of clay minerals 
Clay minerals can be classified as indicated in scheme below: 
 
Figure 2.3 : Classifications of Clay Minerals. 
Clay minerals are classified with respect to their general formulas [20]. In this study, 
three-layered montmorillonite from smectite group and two-layered halloysite clays 
from kaolin group are used as a nanoadditive.  
2.2.1.1 Kaolin group 
The kaolin group minerals comprise kaolinite, nacrite, dickite and halloysite, and are 
among the most common clay minerals in nature. They have a 1:1 layered structure, 
that is, each layer consists of one tetrahedral silicate sheet and one octahedral sheet, 
with two-thirds of the octahedral sites occupied by aluminium. As a naturally 
occurring hydrated polymorph of kaolinite, halloysite has a similar structure and 
composition, but the unit layers are separated by a monolayer of water molecules 
[20-22].  
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Halloysite nanotube (HNT) 
Halloysite nanotube (HNT), one of the kaolin minerals, is a kind of aluminosilicate 
clay with hollow micro and nanotubular structure, and are mined from natural 
deposits in countries like China, New Zealand, America, Brazil, and France. 
Halloysite is used as as nanofillers and in controlled release technology for a range of 
active agents. This mineral is extensively used in industry for ceramics, cements and 
fertilisers. Halloysite, in its fully hydrated form, has the ideal chemical formula 
Al2Si2O5(OH)4.2H2O and the theoretical chemical composition is SiO2, 46.54%; 
Al2O3, 39.50%; and H2O, 13.96% (Figure 2.4)  [20,21,23]. 
 
Figure 2.4 : Schematic presentation showing the crystalline structure of HNT [24]. 
Halloysite nanoparticles are used an additive for enhancing the mechanical 
performance of polymers, specifically for strengthening and toughening of epoxies. 
The other effective benefit of HNT as an additive is enhancing adsorption capacity as 
used in this study. Furthermore, there are many benefits associated with HNT to used 
as filler in polymer based composites. 
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i) HNT have low surface charges so there will be no intercalation and exfoliation 
needed compare to other two dimensional nano clays fillers such as Montmorillonites 
(MMT). So they provide ease in processing when mixed with other polymers to give 
homogeneous particle dispersion. 
ii) Modifications at the surfaces of HNT provide an opportunity to expand the basal 
spacing of HNT by the intercalation of inorganic and organic compounds in their 
inter layers, which further enhance possibility to produce a homogeneous mixture of 
HNT with polymers during blending. 
iii) Surface modification of HNT enhances their wet ability and bond formation with 
different polymers. 
iv) Expansion of base layers provides HNT exfoliation. 
v) HNT is comprised of siloxane and hydroxyl groups, which gives HNT potential 
for the formation of hydrogen bonds and hence improve dispersion. 
vi) Larger luminal diameter of Halloysite nanotubes can accommodate different 
polymer molecules which further offer polymeric composites [23]. 
2.2.1.2 Smectite group 
Smectite minerals are composed of two silica tetrahedral sheet with central 
octahedral sheet and are designated as a 2:1 layer mineral. The theoretical formula is 
(OH)4Si8Al4O20.NH2O (interlayer) and the theoretical composition without the 
interlayer material is SiO2 , 66.7%; Al2O3, 28.3%; and H2O, 5%. The major smectite 
minerals are beidellite, vermiculite, hectorite, saponite, nontronite and 
montmorillonite. All smectites have very high cation exchange capacity between 80-
120 meq/100g clay.  Smectites are used in industry as fillers, carriers, catalysts 
precursors, adsorbents, and a component in drilling fluids [8,20,25]. 
Montmorillonite (MMT) 
Montmorillonite (MMT) is the most commonly found mineral in the dioctahedral 
smectite subgroup, where substitution of one Mg
2+
 occurs in every sixth Al
3+
 in 
octahedral sheets, as shown in Figure 2.5, and no substitution takes place in 
tetrahedral sheets. The stoichiometric formula for a unit cell of Na-montmorillonite 
where the interlayer cation is sodium is written as [Si8(Al3.34Mg0.66)O20(OH)4].Na0.66 
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(Figure 2.5). Other commonly found exchangeable cations adsorbed within the 
interlayer spaces are Ca
2+
, K
+
, and Mg
2+ 
[26]. 
 
Figure 2.5 : Schematic structure of sodium montmorillonite (Na MMT) from 
smectite group [27]. 
Montmorillonite has the widest acceptability for use in polymer nanocomposites 
because of its ease availability, well known intercalation/exfoliation chemistry, high 
surface area and high surface reactivity. The MMT  layer aspect ratio can be in the 
range 1000 in well dispersed state without breaking of layers  and surface area of 
about 750 m
2
/g. Usually because of the breaking of clay layers in to  small plates 
during preparation process of nanocomposite, the aspect ratio of MMT layers 
decreases to about 300-500 [28].  
These clays are mined in regions all over the world, including Europe, Africa, Asia, 
South and North America, with U.S. mines in Florida, Georgia, Illinois and Texas. 
Montmorillonite and its products are used in industry for gelling, binding, 
thickening, stabilizing, plasticizing, coagulating, emulsifying, absorbing and 
controlling rheology [29]. 
2.2.2 Modification of clays 
Clays are modified by a suitable approach in order to increase surface area and to 
change surface properties like alkalinity, layer charge, hydrophilicity etc. The 
surfactants are generally used as modifiers. The characteristics of these so-called 
organoclays can be changed by variation of surfactant properties, such as alkyl chain 
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length, number and branches. The surface properties of the clays modified by 
surfactants altered from organophobic to organophilic, which aids in improving clay 
adsorption for organic compounds [30,31]. 
One of the most common chemical modifications of clays, used for both industrial 
and scientific purposes, is their acid activation. This consists of the treatment of clay 
with a mineral acid solution, usually HCl or H2SO4 [32]. 
Acidification 
It is well known that the surface charges, specific surface areas, even the bulk 
structures of clays can be altered by the activations with acid-treated or calcinations. 
During acidification of clays, the octahedral ions can be leached out, and the specific 
surface area increase. It is widely accepted that clay with a high Mg or Fe content 
leach more readily than that with a high Al content. 
Studies have been made of the surface characteristics of the schistose silicate 
samples obtained by acid modification of the mineral. The structural characteristics 
of the samples are determined via the complete adsorption/desorption isotherms. It is 
shown that acid modification of schistose silicate samples generates materials with 
improved adsorption-structural characteristics and high adsorption capacity towards 
small non-polar molecules [30]. 
2.2.3 Clay minerals properties 
Clay minerals are very reactive because of their large area and because they 
commonly ‗carry‘ a charge. The existence of the charge is the basis for the exchange 
capacity and the swelling that makes an understanding of these properties. The 
structural layer (tetrahedral and octahedral sheets) of clay minerals usually have two 
different types of charge: structural (or permanent) and surface ( ̴pH dependent). The 
permanent charge is usually due to ion substitutions, although it can be caused by 
structural imperfections. Ionic substitution of Al
3+
 for Si
4+
 in the tetrahedral sheets, 
or Mg
2+
 or Fe
2+
 for Al
3+
 in the octahedral sheets, is the origin for most permanent 
negative charge in clay minerals [33]. 
The surface areas of many clay minerals are relatively large, compared to other 
minerals, because of their platy habit, and because some clays have a large internal 
(intracrystalline) surface area. Total surface area is usually determined by measuring 
the adsorption of some polar molecule, such as water or ethylene glycol [33].  
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Cation-exchange capacity (CEC) is the maximum quantity of total cations, of any 
class, that a soil is capable of holding, at a given pH value, available 
for exchange with the soil solution. We can also define cation exchange capacity as 
the total amount of positively charged cations that can exchange. The property of 
exchange capacity is measured in terms of miliequivalents per gram or more 
frequently per 100g. Exchange capacity is determined at neutrality, that is pH 7 [34]. 
Table 2.2 gives both specific surface area and cation-exchange capacity of some 
clays. 
Table 2.1 : Cation-exchange capacities and specific surface areas of clay minerals  
[25]. 
Mineral Cation-exchange 
capacity at pH 7 
(milliequivalents    
per 100 grams) 
Specific surface area 
(square metre             
per gram) 
Kaolinite 3-15 5-40 
Halloysite (hydrated) 40-50 1,100* 
Illite 10-40 10-100 
Chlorite 10-40 10-55 
Vermiculite 100-150 760 * 
Smectite 80-120 40-800 
Palygorskite-sepiolite 3-20 40-180 
Allophane 30-135 2,200 * 
Imogolite 20-30 1,540 * 
*Upper limit of estimated values. 
The exchange reaction is stoichiometric and thereby differs from simple sorption. 
This distinction, however, is sometimes difficult to apply since nearly every ion 
exchange processes is accompained by sorption or desorption [34]. Ion exchange that 
is appropriate for Mass Conversation Law is a reversible. Ion exchange rate is 
affected ionic diffusion rate, temperature, concentration, and transmittance. Order of 
capable adsorption for cations is H
+
>Al
3+
>Ba
2+
>Sr
2+
>Ca
2+
>Mg
2+
>NH
4+
>Na
+
>Li
+
. 
Alkylammonium ions and quaternary ammonium ions can be replaced with some 
other ions which exist on the surface or interlayer. Often, the clay mineral has to be 
modified by ion exchange with organic cations when used as absorbent [35,36]. 
Swelling potential of clay minerals refers to the amount of volume increase due to 
swelling that is possible in a clay body in its natural environment. If a dry clay is 
allowed to slowly adsorb water in a controlled environment, water is added to the 
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interlayer spaces in more-or-less discrete layers. The first layer of water, and perhaps 
some portion of the next two or three layers, from hydration sheaths about the cations 
present. The resulting clay swelling is considered to be due to hydration energy 
forces associated with short-range particle interactions [33].  
2.3 Polymer-Clay Nanocomposite Preparation and Synthesis 
The process of synthesis of polymer/clay nanocomposites involves the uniform 
dispersion of clay particles within a polymeric matrix. The best performance of 
polymeric nanocomposites is achieved when the nanofiller is dispersed in the 
polymer matrix without any agglomeration. Currently, numerous procedures for the 
preparation of polymeric nanocomposites have been proposed in the following 
section [13,37]. 
2.3.1 Intercalation of polymers or pre-polymers from solution 
This technology is based on a solvent system in which polymers or pre-polymers are 
soluble and the silicate layers are swellable. The layered silicate is first swollen in a 
solvent such as water, chloroform, or toluene, etc. When the polymer and layered 
silicate solutions are mixed, the polymer chains intercalate and displace the solvent 
within the interlayer of the silicate. Upon solvent removal, the intercalated structure 
remains, resulting in polymer-clay nanocomposites [38]. 
2.3.2 The in situ intercalative polymerization method 
In this method, the layered silicates is swollen within the liquid monomer or a 
monomer solution so the polymer formation can occur between the intercalated 
sheets. Polymerization can be initiated either by heat or radiation, by the diffusion of 
a suitable initiator, or by an organic initiator or catalyst fixed through cation 
exchange inside the interlayer before the monomer swelling step [38]. 
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Figure 2.6 : Alkyl chain aggregation models: (a) short chain lenghts, where the 
molecules are effectively isolated from each other, (b) medium chain 
lenghts,  where quasi-discrete layers form with various degrees of in-
plane disorder and interdigitation between the layers; and (c) long chain 
lengths, where interlayer order increases, leading to a liquid- crystalline 
polymer environment. Open circles represent the CH2 segments while 
cationic head groups are represented by filled circles [39]. 
2.3.3 The melt intercalation method 
This method involves annealing, statically or under shear, a mixture of the polymer 
and layered silicate above the softening point of the polymer. This method has great 
advantages over either in situ intercalative polymerization or polymer solution 
intercalation. First, this method is environmentally benign due to the absence of 
organic solvents. Second, it is compatible with current industrial processes such as 
extrusion and injection molding. The melt intercalation method allows the use of 
polymers which were previously not suitable for in situ polymerization or the 
solution intercalation method [38]. 
2.4 Resins        
Natural resin in the most specific use of the term is a hydrocarbon secretion of many 
plants, particularly coniferous trees. Resins are valued for their chemical properties 
and associated uses, such as the production of varnishes, adhesives and food glazing 
agents. They are also prized as an important source of raw materials for organic 
synthesis, and as constituents of incense and perfume. Man-made resins are generally 
called 'synthetic resins' or simply 'resins'. Synthetic resins are materials with a 
property of interest that is similar to natural plant resins: they are viscous liquids that 
are capable of hardening permanently. Otherwise, chemically they are very different 
from the various resinous compounds secreted by plants.  
The resins can also be referred to as 'polymers'. All polymers exhibit an important 
common property in that they are composed of long chain-like molecules consisting 
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of many simple repeating units. Generally speaking, the polymer with additives is 
called resin system during processing and matrix after the polymer has cured. 
Epoxies are a class of resins (or polymer) that are most commonly used. 
Resins can be classified in several different ways. The earliest distinction between 
types of polymers was made long before developing any in-depth understanding of 
their molecular structure; it was based on their reaction to heating and cooling. On 
this basis, resins or polymers are classified as thermoset (or thermosetting) and 
thermoplastic. From a chemical molecular chain standpoint, the main difference 
between two is the nature of bonds between the molecular chains: secondary van der 
Waals in the thermoplastics and chemical crosslinks in thermosets [40]. 
2.4.1 Amino resins 
Amino resins are important commercial polymers, being widely used in many 
industries as thermosetting plastic moulding, laminating resins, in coating and textile 
finishing. The principal types of amino resins are butylated urea formaldehyde resins 
(introduced in about 1936) and butylated melamine formaldehyde resins (first used in 
about 1946).  
Amino resins are thermosetting plastic materials that are produced by there action 
between amino group (NH2)-bearing compounds (such as aniline, guanamines, urea, 
melamines, thiourea, ethylene urea, and sulfonamide) and formaldehyde. The two 
most popular and viable aminos are melamine-formaldehyde and urea-formaldehyde 
resins [41,42].  
2.4.1.1 Urea-formaldehyde resin 
Urea-formaldehyde (UF) resins are the most prominent examples of the class of 
thermosetting resins usually referred to as amino resins. Urea-formaldehyde resins 
(UFR) comprise about 80% of the amino resins produced worldwide [10]. Urea-
formaldehyde resin has advantages of low-cost, abundant source of raw materials, 
manufacturing process is simple, high bond strength after curing of the adhesive 
layer lighter in color, etc [43]. Urea (NH2CONH2) and formaldehyde (CH2O) are the 
raw materials of urea-formaldehyde resins [42]. 
Urea formaldehyde resins are stable, fast curing and highly customizable making 
them an excellent choice for a wide array of applications, some of which are wet laid,  
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fiberglass mat, decorative laminates, air filtration, coated and bonded abrasives, 
wood composites, adhesive and bonding [42,44]. In contradistinction for these 
applications, adsorbent characteristic of UFR is investigated in this study.  
Urea-formaldehyde resin synthesis consists basically of two steps. In the first step, 
urea reacts with aqueous formaldehyde under slightly alkaline conditions to produce 
methylol derivatives of urea. 
 
In the second step, condensation reactions between the methylol groups ocur under 
acidic conditions, leading ultimately to the formation of a network structure [45]. 
 
 
 
 
(2.1) 
(2.2) 
18 
 
2.5 Adsorption 
2.5.1 Adsorption and its characteristics 
Innumerable physical, chemical and biological processes take place at the boundary 
between two phases, while others are initiated at that interface. The change in 
concentration of a given substance at the interface as compared with the 
neighbouring phases is referred to as adsorption. Depending on the type of phases in 
contact, we can consider this process in the following systems: liquid-gas, liquid-
liquid, solid-liquid and solid-gas [46].  
2.5.2 Adsorption types 
Adsorbent being held on adsorbent is realized in three ways: by Van der Waals force, 
by electrical gravitation of the liquid towards adsorbent and chemically. Depending 
on the type of bonding involved, adsorption can be classified mainly as physical and 
chemical adsorption. 
2.5.2.1 Physical adsorption (physisorption)  
In physical adsorption, no exchange of electrons is observed; rather, intermolecular 
attractions between favorable energy sites take place and are therefore independent 
of the electronic properties of the molecules involved. Physisorption is characterized 
by interaction energies comparable to heats of vaporization (condensation). The 
adsorbate is held to the surface by relatively weak van der Waals forces and multiple 
layers may be formed with approximately the same heat of adsorption. The heat of 
adsorption for physisorption is at most a few kcal/mole and therefore this type of 
adsorption is stable only at temperature below 150°C [47]. 
2.5.2.2 Chemical adsorption (chemisorption)  
Chemical adsorption involves an exchange of electrons between specific surface sites 
and solute molecules, and as a result a chemical bond is formed. Chemisorption is 
characterized by interaction energies between the surface and adsorbate comparable 
to the strength of chemical bonds (tens of kcal/mol), and is consequently much 
stronger and more stable at high temperatures than physisorption. Generally, only a 
single molecular layer can be adsorbed [47]. 
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2.5.2.3 Electrostatic adsorption (ion exchange)  
This is term reserved for Coulomb attractive forces between ions and charged 
functional groups and is commonly classified as ion exchange [47]. Ions having more 
electrical charge and small ions are adsorbed in a better way. In most of the 
adsorption instances, these there types of adsorption are seen together or 
consecutively [48]. 
2.5.3 Factors affecting adsorption 
The factors affecting the adsorption process are:  
(i) surface area,  
(ii) nature and initial concentration of adsorbate,  
(iii) solution pH,  
(iv) temperature,  
(v) interfering substances, and  
(vi) nature and dose of adsorbent [49].  
Since adsorption is a surface phenomenon, the extent of adsorption is proportional to 
the specific surface area which is defined as that portion of the total surface area that 
is available for adsorption. Thus more finely divided and more porous is the solid 
greater is the amount of adsorption accomplished per unit weight of a solid 
adsorbent. The major contribution to surface area is located in the pores of molecular 
dimensions.  
The physicochemical nature of the adsorbent drastically affects both rate and 
capacity of adsorption. The solubility of the solute greatly influences the adsorption 
equilibrium. In general, an inverse relationship can be expected between the extent of 
adsorption of a solute and its solubility in the solvent where the adsorption takes 
place. Molecular size is also relevant as it relates to the rate of uptake of organic 
solutes through the porous of the adsorbent material if the rate is controlled by 
intraparticle transport. In this case the reaction will generally proceed more rapidly 
with decrease of adsorbate molecule. 
The pH of the solution affects the extent of adsorption because the distribution of 
surface charge of the adsorbent can change (because of the composition of raw 
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materials and the technique of activation) thus varying the extent of adsorption 
according to the adsorbate functional groups. 
Another important parameter is the temperature. Adsorption reactions are normally 
exothermic; thus the extent of adsorption generally increases with decreasing 
temperature. 
Finally, the adsorption can be affected by the concentration of organic and inorganic 
compounds. The adsorption process is strongly influenced by a mixture of many 
compounds which are tipically present in water and wastewater. The compounds can 
mutually enhance adsorption, may act relatively independently, or may interfere with 
one other. In most cases, as also shown hereinafter, natural organic matter (NOM) 
negatively affects the adsorption of emerging compounds in surface waters and 
wastewaters [49]. 
2.5.4 Application of adsorption 
Adsorption plays a significant role in the environmental pollution control and life 
supporting systems or planetary bases, where adsorbents may be used to process the 
habitat air or to recover useful substances from the local environments. Adsorption 
processes are good candidates for separation and purification by virtue of the high 
reliability, energy efficiency, design flexibility, technological maturity and the ability 
to regenerate the process by regenerating the exhausted adsorbent. The most 
important practical applications of adsorption and related areas are summarized is 
shown in Table 2.3 [50]. 
Table 2.2 : The practical applications of adsorption and related areas [50]. 
Areas Application 
Flue gas treatment SOx, NOx and mercury emissions removal 
Wastewater treatment 
Organics, nitrogen and phosphorus removal, i.e. removal 
and recovery of nutrients from wastewater 
Drinking water 
production 
Amelioration of wter sources, advanced treatment of 
wastewater, etc. 
Desiccant 
dehumidification 
Improvement of indoor air quality and removal of 
technology air pollutants and the number of 
microorganisms either removed or killed by desiccants 
due to co-adsorption by desiccant materials 
Global warming control 
Emission control of ‗greenhouse‘ gases (CO2, CH4, 
N2O); utilization of CH4 
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2.5.5 Adsorption isotherms 
The terms adsorption and desorption are often used to indicate the direction from 
which the equilibrium states have been approached. Adsorption hysteresis arises 
when the amount adsorbed is not brought to the same level by the adsorption and 
desorption approach to a given 'equilibrium' pressure or bulk concentration. The 
relation, at constant temperature, between the amount adsorbed and the equilibrium 
pressure, or concentration, is known as the adsorption isotherm [51]. 
2.5.5.1 Langmuir isotherm model 
This describes quantitatively the formation of a monolayer adsorbate on the outer 
surface of the adsorbent, and after that no further adsorption takes place. Thereby, 
the Langmuir represents the equilibrium distribution of ions between the solid and 
liquid phases. The Langmuir isotherm is valid for monolayer adsorption onto a 
surface containing a finite number of identical sites. The model assumes uniform 
energies of adsorption onto the surface and no transmigration of adsorbate in the 
plane of the surface. Based upon these assumptions, Langmuir represented the 
following equation: 
e
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e
q ; substance amount adsorbed per adsorbent weight at equilibrium (mg/g), 
e
C ; adsorbed substance concentration remaining in solution after adsorption (mg/L), 
L
K  ; Langmuir constant depending on the capacity of adsorbed substance (L/mg), 
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 The Langmuir equation is applicable to homogeneous sorption, where the sorption 
of each sorbate molecule onto the surface has equal sorption activation energy 
[52,53]. 
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The essential features of the Langmuir isotherm may be expressed in terms of 
equilibrium parameter RL, which is a dimensionless constant referred to as separation 
factor or equilibrium parameter. 
L
R =
0
.1
1
CK
L

                                                                                                       (2.4) 
where KL (L/mg) refers to the Langmuir constant and C0 is denoted to the adsorbate 
initial concentration (mg/L). In this context, lower RL value reflects that adsorption is 
more favorable. In a deeper explanation, RL value indicates the adsorption nature to 
be either unfavorable (RL > 1), linear (RL = 1), favorable (0 < RL < 1) or irreversible 
(RL = 0) [53]. 
2.5.5.2 Freundlich isotherm model 
This is commonly used to describe the adsorption characteristics for the 
heterogeneous surface. These data often fit the empirical equation proposed by 
Freundlich: 
e
q =
m
x
= n
eF
CK
/1
.                                                                                                     (2.5) 
e
q ; substance amount adsorbed per adsorbent on balance (mg/g), 
m ; adsorbent amount (g), 
x ; adsorbed substance amount (mg), 
e
C ; adsorbed substance concentration remaining in solution after adsorption (mg/L), 
F
K ; Freundlich constant expressing adsorption capacity (L/g), 
n ; Freundlich constant expressing adsorption intensity. 
By calculating logarithm of the both sides of equation (2.5) and by making it linear, 
the equation below is achieved. 
m
x
log =
F
Klog +
e
C
n
log
1
       (2.6) 
The constant 
F
K is an approximate indicator of adsorption capacity, while 1/n is a 
function of the strength of adsorption in the adsorption process. If n = 1 then the 
partition between the two phases are independent of the concentration. If value of 1/n 
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is below one it indicates a normal adsorption. On the other hand, 1/n being above one 
indicates cooperative adsorption. The function has an asymptotic maximum as 
pressure increases without bound. As the temperature increases, the constants k and n 
change to reflect the empirical observation that the quantity adsorbed rises more 
slowly and higher pressures are required to saturate the surface. However, 
F
K and n 
are parameters characteristic of the sorbent-sorbate system, which must be 
determined by data fitting and whereas linear regression is generally used to 
determine the parameters of kinetic and isotherm models. Specifically, the linear 
least-squares method and the linearly transformed equations have been widely 
applied to correlate sorption data where 1/n is a heterogeneity parameter, the smaller 
1/n, the greater the expected heterogeneity. This expression reduces to a linear 
adsorption isotherm when 1/n = 1. If n lies between one and ten, this indicates a 
favorable sorption process [52-54]. 
2.5.5.3 Temkin isotherm 
This isotherm contains a factor that explicitly taking into the account of adsorbent–
adsorbate interactions. By ignoring the extremely low and large value of 
concentrations, the model assumes that heat of adsorption (function of temperature) 
of all molecules in the layer would decrease linearly rather than logarithmic with 
coverage. As implied in the equation, its derivation is characterized by a uniform 
distribution of binding energies (up to some maximum binding energy) was carried 
out by plotting the quantity sorbed qe against lnCe and the constants were determined 
from the slope and intercept. The model is given by the following equation: 
e
q = )ln(
eT
CA
b
RT
        
                                                                                            (2.7) 

T
T
A
b
RT
ln
e
C
b
RT
ln





                                                                                            
(2.8) 
B = 
T
b
RT
                                                                                                                  (2.9) 
 
e
q =
T
AB ln + eCB ln      (2.10) 
AT ; Temkin isotherm equilibrium binding constant (L/g)  
bT ; Temkin isotherm constant  
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R ; universal gas constant (8.314J/mol.K)  
T ; the solution temperature (K).  
B ; constant related to heat of sorption(J/mol) [52]. 
2.5.5.4 Dubinin–Radushkevich isotherm model 
Dubinin–Radushkevich isotherm, is an empirical model initially conceived for the 
adsorption of subcritical vapors onto micropore solids following a pore filling 
mechanism. It is generally applied to express the adsorption mechanism with a 
Gaussian energy distribution onto a heterogeneous surface. The model has often 
successfully fitted high solute activities and the intermediate range of concentrations 
data well. 
ln
e
q = ln qs –  ε
2
                                                                                                   (2.11) 
qs ; theoretical isotherm saturation capacity (mg/g),  
 ; Dubinin–Radushkevich isotherm constant (mol2/kJ2), 
 ; Dubinin–Radushkevich isotherm constant.  
The approach was usually applied to distinguish the physical and chemical 
adsorption of ions, with its mean free energy, E per molecule of adsorbate (for 
removing a molecule from its location in the sorption space to the infinity) can be 
computed by the relationship: 
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                                                                                                            (2.12) 
where  is denoted as the isotherm constant. Meanwhile, the parameter ε can be 
correlated as: 
 = 






e
C
RT
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1ln                                                                                                  (2.13) 
One of the unique features of the Dubinin–Radushkevich isotherm model lies on the 
fact that it is temperature-dependent, which when adsorption data at different 
temperatures are plotted as a function of logarithm of amount adsorbed vs the square 
of potential energy, all suitable data will lie on the same curve, named as the 
characteristic curve [52,53]. 
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2.5.6 Adsorption kinetics 
Adsorption kinetics studies explain by which step of adsorption the rate of adsorption 
is determined as well as enabling to find effective adsorbent-adsorbed substance 
contact time. Adsorption consists of four main steps. On the first step, adsorbed 
substance in gas or liquid phase is diffused towards a film layer covering adsorbent, 
this step is fast and the rate is not determinant. But, if the phase where adsorbent is 
present is immobile, this step is the slowest one and adsorption rate is determined 
according to that. On the second step, the adsorbed substance reaching the film layer 
moves towards the adsorbent's pores by proceeding throughout the static part, and 
this motion is called film-mass transfer or boundary layer diffusion. On the next step, 
adsorbed substance moves towards to the surface where adsorption will occur by 
moving within the pore holes of the adsorbent and this is called pore diffusion. In 
general terms adsorption rate is determined by pore diffusion or film-mass transfer 
steps. Lastly, the adsorbed substance is adsorbed on the pore surface of adsorbent 
and this step is the fastest step of adsorption process. 
Kinetic modeling not only allows estimation of sorption rates but also leads to 
suitable rate expressions characteristic of possible reaction mechanisms. In this 
respect, several kinetic models including the pseudo-first-order kinetics model, 
pseudo-second-order kinetics models, and the intraparticle diffusion model were 
investigated. 
A pseudo-first-order kinetic equation is given as: 
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Second order rate equation: 
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Pseudo-second order rate equation: 
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1
k ; Lagergren adsorption rate constant, (min
-1
), 
k ; second order adsorption rate constant, (g/(mg.min)), 
2
k ; pseudo-second order adsorption rate constant, (g/(mg.min)), 
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qe ; the adsorption capacity at equilibrium (mg/g), 
t
q ; shows the substance amount (mg/g) adsorbed per adsorbent mass unit in any t 
time. If the y values in equations 
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e
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q
qq
log , 1/( 
e
q - 
t
q ) and 
t
qt /  are added to 
graphic against x value t ,  1k , k  and  2k values are found [54-56]. 
2.5.7 Adsorption thermodynamics  
The thermodynamic parameters, including the free energy changes ( 0G ), standard 
enthalpy changes ( 0H ) and the entropy changes (
0
S ) associated with the 
adsorption process, can be used to deduce the adsorption mechanism. They can be 
calculated by the dependence of thermodynamic equilibrium constant (Kc) on 
temperatures. Adsorption occurs spontaneously on constant pressure and constant 
temperature, free energy exchange 0G during adsorption is always marked negative. 
On the other hand, because the particles which are irregular in gas or liquid 
environment becomes more regular by holding on to solid surface, entropy exchange 
during adsorption 0S is marked negative. For the adsorbed phase during adsorption 
balance established under constant temperature and constant pressure, 
c
RTInKG 
0                                                                                                    (2.17) 
equation is written. 
c
K ; adsorption equilibrium constant, 
c
K =
e
A
C
C
                                                                                                                (2.18) 
A
C ; concentration of adsorbed substance after adsorption (mg/L), 
e
C ; equilibrium concentration of adsorbed substance (mg/L). 
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According to Equation 2.17, the values of 0G are calculated. The value of 
0
H  and 
0
S can be calculated from the slope and intercept of the van‘t Hoff plot (Equation 
2.19) of lnKc against 1/T, respectively.  
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When attraction between adsorbates and an adsorbent take place, the change in 
Standard enthalpy is caused by various forces, including van der Waals, 
hydrophobicity, hydrogen bonds, ligand exchange, dipole–dipole interactions and 
chemical bonds. 
The activation energy of adsorption was also calculated from the linearized 
Arrhenius equation:   
RT
E
Ak
a
2
 lnln                                                                                                  (2.20) 
Ea ; The Arrhenius activation energy (J mol
-1
),    
A ; The Arrhenius factor (g mol
-1
 s
-1
), 
A linear plot of lnk2 vs 1/T  is constructed to generate the activation energy from the 
slope [55,57].
                            
 
2.6 Literature review 
Adsorption as an effective method for contaminant treatment appears to offer the 
best potential for color removal due to its simplicity, high efficiency, easy recovery, 
and the reusability of the adsorbent. In recent years, many alternative technologies 
and potential adsorbents have been tried for dye-bearing wastewater treatment, 
including clay and clay minerals, natural or synthetic resins and polymer-clay 
nanocomposites. 
2.6.1 Dye adsorption on MMT/HNT 
Almeida et. al. investigated the removal of a cationic dye, methylene blue (MB), 
from synthetic wastewater by using as an adsorbent montmorillonite, a natural clay 
mineral. Montmorillonite clay (MC) were carried out by using bath technique under 
different conditions of initial dye concentration, adsorbent concentration, contact 
time, solution pH, and temperature. Attempts were made to fit the isothermal data 
using Langmuir and Freundlich equations. The experimental results have 
demonstrated that the equilibrium data are fitted well by a Langmuir isotherm 
equation. Thermodynamic parameters such as the changes in enthalpy, entropy, and 
Gibbs‘ free energy were determined, showing adsorption to be an endothermic yet 
spontaneous process. Pseudofirst-order, pseudo-second-order, and intraparticle 
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diffusion models were considered to evaluate the rate parameters. The adsorption of 
MB onto MC obeyed pseudo-secondorder kinetics with an activation energy of +28.5 
kJmol
−1
, consistent with the description of the process as involving physisorption. 
The results indicate that MC, which is easily available and inexpensive clay, can be 
used as an alternative adsorbent for dye removal  [58].                              
Selvam and co-workers studied with sodium montmorillonite clay for adsorption of 
rhodamine B dye. They investigated the effect of parameters such as pH, adsorbent 
dosage and initial dye concentration for adsorption. The Langmuir and Freundlich 
isotherm models were applied and kinetic data followed pseudo-second-order 
kinetics. The results indicated that the pseudo-second-order model provided better 
correlation of the adsorption data and a pH of 7 was most favorable for this 
adsorption process. The adsorption equilibrium was best defined by the Langmuir 
isotherm model, confirming the monolayer adsorption capacity of clay. The 
adsorption process was found to be exothermic with negative value of 0G . Sodium 
montmorillonite adsorbs rhodamine B efficiently and could be employed as a low-
cost alternative in wastewater treatment for the removal of cationic dyes [59].       
Liu et. al. investigated the adsorption of methyl violet (MV) from aqueous solutions 
by using adsorbent of halloysite nanotube (HNT). They examined the effects of 
contact time, initial concentration, adsorbent dose, initial pH, temperature and ionic 
strength. Batch kinetic experiments showed that the adsorption fitted pseudo-second-
order kinetic model and adsorbent exhibited rapid adsorption rate and high 
adsorption capacity. The adsorption capacity of the adsorbent increased significantly 
with the increase of initial concentration, decreased with the increase of ionic 
strength, and varied little with pH. The isotherm adsorption data fitted well with the 
Langmuir model. The negative values of ΔG0 and ΔH0 show that the adsorption is a 
spontaneous and exothermic process. Based on these results, HNT could be used as 
an effective adsorbent for cationic dye removal due to its low cost, high adsorption 
capacity, fast adsorption rate and simple regenerated method [60].            
Luo and co-workers tested halloysite nanotube (HNT) to remove cationic dye, 
Neutral Red (NR), from aqueous solution. Natural HNT used as adsorbent were 
initially characterized by XRD, FT-IR, TEM and BET. They examined the effect of 
adsorbent dose, initial pH, temperature, initial concentration and contact time were 
investigated for adsorption. Adsorption increased with increase in adsorbent dose, 
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initial pH, temperature and initial concentration. The isotherm study indicates that 
adsorption data fitted well with both the Langmuir and Freundlich models. RL values 
from Langmuir model and 1/n from Freundlich model indicate thatadsorption is 
favorable. The kinetic study at different initial concentrations reveals that the 
pseudo-second-order model yields a much better fit than that of the pseudo-first-
order model. The negative values of ΔG0 and positive value of ΔH0 show that the 
adsorption is a spontaneous and endothermic process. The positive value of 
0
S  
indicates the randomness increases during the adsorption of NR. Furthermore, it is 
concluded that HNT could be used as a low-cost and relatively effective adsorbent 
for the removal of NR dye from wastewater [61].                                                     
Zhao and co-worker used halloysite nanotubes (HNT) as nano-adsorbents for the 
removal of the cationic dye, methylene blue (MB), via adsorption from aqueous 
solutions. The dye adsorption experiments has been examined by the batch 
adsorption technique. Experimental results have shown that the basic pH, increasing 
initial dye concentration and lower temperature favored the adsorption. A maximum 
adsorption capacity of 84.32 mg/g of methylene blue was achieved. It is much higher 
than those other clay minerals. Adsorption kinetic follows pseudo-second-order 
kinetic model confirming the chemosorption of methylene blue (MB) on HNT. It was 
realized that the dye adsorbed halloysite nanotubes had poor stability in aqueous 
suspension and deposited completely within 30 min while the original aqueous 
suspension of halloysite nanotubes remained stable for months [62].                                      
2.6.2 Dye adsorption on resin 
Ozdemir et. al. synthesized melamine-formaldehyde-urea (MFU) resin to use as 
adsorbent to clean wastewater containing a basic dye (methylene blue) used to 
simulate leather and textile processing dyes. Batch and column methods were used 
for investigating adsorptive removal of dye. Parameters such as pH and contact time 
were optimized. The capacity of the sorbent for the dye was found by classical 
adsorption modeling (15.0 mg g
-1
) with the aid of a Langmuir isotherm at optimal pH 
(neutral region). The isotherm of adsorption of methylene blue on melamine 
formaldehyde resin fitted better with the Langmuir model than Freundlich model. 
Adsorption is thought to proceed mainly through cation exchange of methylene blue 
(MB
+
) with the R-COO
-
 exchange groups of the sorbent. Adsorption was fast, and 
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reached an equilibrium within 30 min. Color removal of simulated leather dyeing 
wastewater was shown to be applicable under optimal conditions [63]. 
Bayramoglu and co-workers studied adsorption kinetics and thermodynamic 
parameters of cationic dyes from aqueous solutions by using a new strong cation-
exchange resin. Poly(glycidylmethacrylate) was grafted via surface-initiated-atom 
transfer radical polymerization (SIATRP) on a cross-linked acrylate based resin. The 
adsorption of Crystal Violet (CV) and Basic Fuchsine (BF) on the strong cation-
exchange resin showed that The percentage uptake of dyes is concentration 
dependent, decreasing with an increase in dye concentration. The adsorption process 
for both basic dyes was pH dependent and the maximum adsorption be 76.8 and 
127.0 mg/g for CV and BF dyes, respectively, was observed for both dyes between 
pH 2 and 7. Adsorption of the dyes on the resin fitted to Langmuir and Temkin 
isotherm models and followed the pseudosecond-order kinetics. The negative values 
of Gibbs free energy of adsorption indicated the spontaneity of the adsorption of the 
dyes on the resin. Based on these results, it is a promising route to graft functional 
polymer on the solid supports with high performance for the removal basic dyes from 
wastewater [64]. 
Urbano and Rivas studied the adsorption properties of composites based on 2-
acrylamido-2-methyl-1-propane sulfonic acid and montmorillonite via in situ 
polymerization. The rate of water uptake was very fast, reaching maximum water 
absorption capacity after a short period of time. The water uptake was well described 
by the Schott equation, a second-order model. The adsorption characteristics of the 
composites were evaluated by using batch adsorption technique, and the effects of 
pH, montmorillonite content, and time were studied. The composites showed high 
adsorption capacities at pH values of 3.0 and 5.0, and the addition of montmorillonite 
did not result in a significant enhancement of their adsorption capacity. The 
equilibrium adsorption performance can be described by the Langmuir isotherm, 
while kinetic experiments revealed an excellent agreement with the pseudo-second-
order model [65].                 
Zhang et. al. used two resin adsorbents (Amberlite XAD-4, a macroreticular 
adsorbent and ZCH-101, a hyper-cross-linked adsorbent) for batch adsorption runs of 
two commercial reactive dyes (methylene blue and reactive orange X-GN) and 
phenol from water. The adsorption of phenol and two dyes on resin adsorbents with 
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different pore structure was discussed and Langmuir and Freundlich models were 
tested for the relevant adsorption isotherms A pseudo-second-order model was 
proved to fit all the kinetic data reasonably and the rate constant were related to 
adsorbate size and pore structure. Two-stage kinetics of methylene blue (MB) on 
ZCH-101 were observed at a specific experimental condition and modeled 
schematically. Furthermore, other kinetic experiments were performed at different 
ambient temperature to validate the proposed schematic model [66].         
2.6.3 Dye adsorption on some polymer-clay nanocomposites 
Anirudhan and Suchithra prepared humic acid-immobilized amine modified 
polyacrylamide/bentonite nanocomposite (HA-Am-PAA-B) The adsorption of of 
cationic dyes (Malachite Green (MG), Methylene Blue (MB) and Crystal Violet 
(CV)) from aqueous solution onto HA-Am-PAA-B was carried out. The maximum 
dye removal was detected at pH range 6.0–8.0. The capacity of HA-Am-PAA-B was 
found to decrease in the following order: MG > MB > CV. The kinetics of dyes 
adsorption onto HA-Am-PAA-B followed the pseudo second order rate model. 
Results of the experiments demonstrated that HA-Am-PAA-B was successful for the 
removal of basic dyes from aqueous solutions [67].           
Wang et. al. synthesized N,O-carboxymethyl-chitosan/montmorillonite (N,O-CMC–
MMT) nanocomposites by using intercalation reaction between N,O-CMC and MMT 
in distilled water. In this study, adsorption of Congo red (CR) anionic dye from 
aqueous solution onto N,O-CMC–MMT was studied. The kinetic and isotherm 
studies indicated that the pseudo-second-order model and the Langmuir model well 
described the adsorption equilibrium of CR on N,O-CMC–MMT nanocomposite. 
The results showed that the nanocomposite with the molar ratio of N,O-CMC to 
MMT of 5:1 exhibited the higher adsorption capacity [68].                
Wang and co-workers investigated an alginate-based nanocomposite hydrogel 
enhanced by organo-illite/smectite clay for adsorbing methylene blue (MB).  The 
NaAlg-g-p(AA-co-St)/organo-I/S nanocomposite absorbents were prepared using 
organo-I/S as the inorganic component. The highest adsorption amount of the 
nanocomposite for MB can be obtained at the organification degree of 0.25E 
(1843.46 g/g). The adsorption capacity of MB was increased with increasing the pH 
value, contact time and initial concentration, but the increase of temperature was 
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unfavorable for adsorption. Ho‘s pseudo-second-order model depicted the adsorption 
kinetics satisfactorily and Langmuir isotherm is the best fit model for the adsorption 
of MB [69].                   
Li and co-workers examined poly(acrylamide)/laponite clay nanocomposite 
hydrogels for cationic dye adsorption behavior. It was prepared by incorporating the 
nanoclay (Laponite (Lap) XLS) into a poly(acrylamide) (PAAm) hydrogel by the in 
situ polymerization method without any organic cross-linker. The crystal violet (CV) 
dye adsorption properties of the PAAm/Lap NC hydrogels were investigated. The 
adsorption of CV dye by the hydrogel increases as the concentration of the dye 
increases. The cationic dye adsorption ability of the NC hydrogel increased with 
increasing clay content in the NC hydrogel. A sigmoidal type of adsorption isotherm 
was observed for the CV-NC hydrogels. The effects of heat treatment on the dye 
adsorption behavior of the NC hydrogels were studied [70].            
Taleb and co-workers studied the preparation, characterization and dye adsorption 
properties of nanocomposite (calcium alginate/organophilic montmorillonite) 
(CA/OMMT). Two textile dyes, acid green B and direct pink 3B, were used as model 
anionic dye. The resul of study it was found that the sorption of dyes by the 
nanocomposite is pH-dependent and maximum sorption was obtained at pH 2. The 
thermodynamic data showed that dye adsorption onto alginate was spontaneous, 
exothermic, and a physisorption reaction. In conclusion, the as-prepared adsorbents 
exhibited excellent affinity for the dye, and can be applied to treat wastewater 
containing anionic dyes [71].                  
Çöle and co-workers synthesized N-vinyl-2-pyrrolidone/itaconic acid/organo clay 
nanocomposite hydrogels using free radical polymerization technique with different 
amounts of organo clay. Safranine-T adsorption capacities of nanocomposite 
hydrogels were investigated at different conditions such as pH, contact time, 
adsorbent dose and initial concentration of dye. All nanocomposite hydrogels show a 
similar adsorption behavior. The adsorption capacities of nanocomposite hydrogels 
increase with the increase of the adsorption time. Adsorption processes of dye onto 
the nanocomposite hydrogels follow pseudo-second-order type adsorption kinetic. 
The equilibrium adsorption data have been evaluated using Freundlich and Langmuir 
Isotherm models. The results illustrated that the adsorption follows Langmuir 
isotherm [72].                              
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Shi and co-workers synthesized lignocellulose-g-poly(acrylic acid)/montmorillonite 
(LNC-g-PAA/MMT) hydrogel nanocomposites as an adsorbents for removal of 
methylene blue from aqueous solution. The results showed that the adsorption 
capacity for MB increased with increasing contact time, initial dye concentration, 
and pH value, but decreased with increasing MMT content and temperature. The 
adsorption kinetics were better described by the pseudo-second-order equation, and 
their adsorption isotherms were better fitted for the langmuir equation. By 
introducing 20 wt% MMT into LNC-g-PAA polymeric network, the obtaining 
hydrogel composite showed the high adsorption capacity 1994.38 mg/g and 
economic advantage for MB. The results implied that the composite could be 
regarded as a potential adsorbent for cationic dye MB removal in a wastewater 
treatment process [73].                    
Mahdavinia and co-workers synthesized CarAlg/MMt nanocomposite hydrogels 
from grafting of acrylamide onto binary mixture of kappa-carrageenan and sodium 
alginate biopolymers by incorporation of Na-MMt nanoclay. The obtained 
nanocomposites were evaluated to remove cationic crystal violet (CV) dye from 
water. According to data, the adsorption capacity of nanocomposites was enhanced 
as the clay content was increased. The experimental data were analyzed according to 
both Langmuir and Freundlich models and experimental maximum adsorption 
capacity was obtained 88.8 mg g
-1
 [74].                        
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3. EXPERIMENTAL  
3.1 Chemicals Used 
3.1.1 Montmorillonite (Na MMT) 
Na MMT used as a nanoadditive was supplied from Nanocor PGW. PG grades were 
purified to a level greater than 98% montmorillonite. 
Table 3.1 : Physical properties of Na MMT. 
Property PGW 
Color White 
CEC (meq/100g) ±10% 145 
Aspect Ratio 200-400 
Specific Gravity 2.6 
Maximum Moisture (%) 12% 
pH (5% dispersion) 9.5-10.5 
3.1.2 Halloysite nanotube (HNT) 
HNT used as a nanoadditive was supplied from EczacıbaĢı Esan, Turkey. Granule / 
grain size is less than 45 micron. HNT were measured and the results found as; 
43.3% SiO2, 38.4% Al2O3, 0.7% Fe2O3, 0.1 TiO2, 0.08 CaO, 0.12 MgO, 0.27 Na2O 
and 0.12 K20. 
3.1.3 Urea 
Urea is supplied from Merck. Urea is an organic compound with the chemical 
formula CO(NH2)2 which has two amine (NH2) groups joined by a carbonyl (C=O) 
functional group. 
 
Figure 3.1 : Urea structure. 
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3.1.4 Formaldehyde  
Formaldehyde is supplied from Merck. It is an organic compound with the formula 
CH2O which is the simplest form of aldehyde. The 37% solution of formaldehyde in 
water, commonly called formalin. Formalin is the equilibrium mixture of water, 
formaldehyde, and formaldehyde hydrate. 
 
Figure 3.2 : Formaldehyde structure. 
3.1.5 Dyestuffs 
Two type dye were used as cationic textile dyestuffs. 
a) Methylene blue (MB) is a cationic organic dye which has many positive charges 
on the molecule and is a basic dye. Its maximum wavelength (λmax) values are 664 
nm in UV/Vis Spectrophotometry. It was supplied from Ersur Tekstil company. 
b) Red grlt (RG) is a cationic textile dyestuff which are base dye mixtures. Its 
maximum wavelength (λmax) values are 530 nm in UV/Vis Spectrophotometry. It was 
supplied from Ersur Tekstil Company. 
3.2 Used Equipment 
3.2.1 Thermostat controlled heater with magnetic stirrer 
It was used for mixing and providing a constant temperature during the synthesis of  
polymeric nanocomposites and adsorption studies. IKA C-MAG HS7 model 
instrument can  be heated to a maximum temperature of 500°C.   
3.2.2 Ultrasonic water bath 
INTERSONIK model ultrasonic water bath was used for mixing of clay-water 
suspension. 
3.2.3 pH meter 
Orion® 2-Star Benchtop model pH meter were used for pH-value measurements. 
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3.2.4 Centrifuge 
Its model is ELEKTROMAG M615M and it can be reach 3000 rpm. It was used 
during the seperation process of dyestuff from solutions by the adsorbents; UFR‘s 
nanocomposites.  
3.2.5 Drying-oven 
An oven (Heraeus) which has maximum heating capacity 250 
°
C was used to drying 
the urea formaldehyde resin (UFR) nanocomposites (NC) for characterization and 
adsorption studies. 
3.2.6 Fourier transform infrared spectroscopy (FTIR-ATR) 
FT-IR spectra of the samples were recorded on Perkin Elmer Spectrum One Model 
Spectrophotometer (FT-IR-reflectance, universal ATR with diamond and ZnSe), 
using the sample in the powder form. FTIR measurements of UFR and its NCs were 
done to validation the synthesis.  
3.2.7 Ultraviolet–visible spectroscopy (UV-Vis) 
The absorbance measurements of the UFR and its nanocomposite samples were done 
at 400 nm and 800 nm for polymers, on a UV-visible recording spectrophotometer 
(UV-1600PC Spectrophotometer), equipped with a temperature controlled cell. It 
was used to measuring the the wavelengths of maximum absorbance for each of 
dyestuffs.  
3.2.8 Thermal gravimetric analysis (TGA) 
Thermogravimetric analysis (TGA) of the UFR and its NC samples were carried out 
by SEIKO EXSTAR TG/DTA 6200 at a heating rate of 10°C/min. TGA uses to 
obtain the percentage of inorganic material in the samples. Samples were analysed by 
TGA for measuring the loss in masses versus to the temperature. 
3.2.9 X-Ray diffraction (XRD) analysis 
X-Ray diffraction analysis of clays and nanocomposites were made by Panalytical 
X‘Pert Powder XRD. The X-ray diffraction pattern was recorded on the imaging 
plate, and the intensity of each reflection was estimated by two-dimensional 
measurement and subsequent background removal. 
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3.3 Synthesis of Urea Formaldehyde  Resin and Urea Formaldehyde Resin 
Nanocomposites  
In this study, firstly urea formaldehyde  resin (UFR) were synthesized, and then urea 
formaldehyde resin nanocomposites (UFRNC) were synthesized in situ 
nanocomposite preparation technique.  
Formaldehyde solution (37%) were put into a three-necked round bottomed flask and 
added a few drops concentrated H2SO4 at 45°C. Solid urea was added to flask, the 
mixture was stirred with a magnetic stirrer for 3 hours at 60°C. 
The U/F ratio of reaction was 2/5 and reaction was involved condensation between 
the nucleophilic nitrogen of urea with the electrophilic carbonyl carbon of 
formaldehyde. During the reaction, viscosity of the mixture was increased and pH 
value of the system was  between 2.5-3. At the end of 3 hours, white and adhesive 
UFR was obtained. The chemical reactions of UFR can be described as in Figure 3.3.  
 
Figure 3.3 : Polymerization reaction of UFR. 
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For synthesis of urea-formaldehyde resin nancomposite containing MMT or HNT 
(UFM, UFH), formaldehyde solution (37%) were put into a three-necked round 
bottomed flask and added a few drops concentrated H2SO4 at 45°C. Solid urea was 
added to flask, the mixture was stirred with a magnetic stirrer for a while. The 
specific amount of clay was swollen in water added to flask , then it was mixed more 
2 hours at 60°C.  
When reactions were completed, mixtures were poured to the beaker was placed into 
distilled water to dissolve remaining urea and formaldehyde monomers in mixture. 
The resulting white precipitate were washed several times with distilled water while 
they were waiting in water for 3 days. Then, samples was separated by vacuum 
filtration and left for drying at room temperature. Dried samples were grinded to 
powder and washed while they were filtered through a filter paper.   
At the end of reaction, UFM5%, UFM2%, UFH5% and UFH2% resin 
nanocomposites were synthesized in two different initial feed clay contents with two 
type clays (montmorillonite, halloysite) by weight according to the solid content of 
polymer (2 wt%, 5 wt%).  
Table 3.2 : Clay contents of resin samples. 
Sample Name Clay Content (wt %) U/F molar ratio 
UF 0 2/5 
UFM5% 2 2/5 
UFM2% 5 2/5 
UFH5% 2 2/5 
UFH2% 5 2/5 
3.4 Characterization of Samples 
3.4.1 FTIR-ATR spectrophotometric analysis (FTIR) 
The structures of the specimens were characterized by means of Fourier Transform 
Infrared (FTIR-ATR) spectroscopy. IR radiation is passed through a sample. Some of 
the infrared radiation is absorbed by the sample and some of it is passed through 
(transmitted). The resulting spectrum represents the molecular absorption and 
transmission, creating a molecular fingerprint of the sample. Analysis of samples 
were carried out with this method by identification of functional groups.  
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It is based on the excitation of IR beams of molecules (with 4000 – 600 m wave 
length) to vibration and rotation levels by its adsorption. For molecular substances 
infrared absorption, emission and reflection spectrums are explained on the 
assumption that spectrums are stemmed from various changes on energy which is 
enabled by moving of molecules from one vibration or rotation energy level to other. 
Wave numbers are obtained by Fourier mathematical modeling method. With this 
method, analysis has been realized by defining the functional groups of molecules. 
3.4.2 Thermogravimetric measurements (TGA) 
TGA provides quantitative measurement of mass change in materials associated with 
transition and thermal degradation. It records change in mass from dehydration, 
decomposition, and oxidation of a sample with time and temperature. UFRNC 
samples were analysed by TGA and percentages of residual inorganic groups were 
obtained.  
3.4.3 X-ray diffraction measurements 
X-Ray diffraction (XRD) patterns of the samples were recorded by monitoring the 
diffraction angles (2θ) from 2° to 20° on the diffractometer, using CuKα radiation. 
The wavelength used was λ= 1.5405 Å. The XRD patterns of UFR nanocomposites 
containing different clay (MMT and HNT) percents (2-5 wt %) show diffraction 
peaks all shifted to lower 2θ degrees against the peak of pure clays and UF resin, 
which indicates the increasing of layers spacing due to the intercalation or 
exfoliation. 
3.4.4 UV/Visible spectrophotometric analysis 
Molecular absorption spectroscopy is based on the calculation of transmittance (T) or 
absorbance (A) of the solution in a cell with b beam line between 160-780 nm wave 
lengths. This absorption mostly stems from the excitation of electron bonds in 
molecules, as a result of this molecular absorption spectroscopy is used to define 
functional groups in a molecule and at the same time for quantitative evaluation of 
compounds carrying functional groups.   
Adsorption experiments have been done by using UV/Visible spectroscopy. In order 
to determine the wavelength of dye (MB and RG) water solutions, where they have 
the maximum absorption levels, used as pigment solutions, 5, 10, 20, 30, 40, 50, 60, 
70, 80, 90 and 100 mg/L solutions have been prepared from 1000 mg/L dye 
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solutions. Absorption spectrums of the MB and RG solutions prepared have been 
taken between 400-800 nm wave lengths by referring to water and 664 and 530 
peaks have been observed in these spectrums, respectively by using UV/Visible 
spectroscopy. At 664 nm for MB and at 530 nm for RG, the absorption spectrums of 
these solutions in different concentrations measured and drawn successively on the 
graph of wavelengths giving the maximum absorbance. Linearized calibration 
curves, equations of lines and correlation factors were obtained.  
3.4.5 Adsorption experiments 
1 g of each dyes were dissolved in distilled water and a stock solutions of 1000 mg/L 
were prepared. From the stock solution, 40, 80 and 120 mg/L solutions were 
prepared. Solutions were used at its on pH.  
Adsorption experiments were realized by using intermittent-equilibrium method. 100 
mL of dye solution of which concentration is specified was taken and 0.05 g of  
resins was added to it and they were mixed at 1000 rpm at specific temperature in 
thermostat controlled heater with magnetic stirrer. After the samples taken from dye 
solutions in specific time were diluted, they were centrifuged at 2500 rpm, thus, 
adsorbents were precipitated and samples which concentration is specified were 
measured absorption values and remaing amount of dye at their maximum 
wavelengths 664 and 530 nm. The absorption calculations and adsorbed dye amounts 
were determined.  
These measured results were taken in mg/L as dye concentration (Ce) remained in the 
solution after adsorption. From the amount of dye amount in the starter solution, the 
amount of dye amount not adsorbed (Ce) was subtracted and dye amount (CA) was 
found.  
The adsorption capacity values at time t (qt; mg/g) were calculated by dividing 
amount of adsorbed dyes as mg to the amount of adsorbent as g. The adsorption 
capacity (qt) was determined at certain time values for 40, 80, 120 mg/L dye 
concentration, 0.01, 0.03, 0.05 adsorbent mass and 30, 40, 50 °C temperature.  
The effect of temperature characteristics was detected by defining the adsorption 
isotherms at 30, 40, 50 °C temperatures. 
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4. RESULTS AND DISCUSSION  
In this study, a kind of thermoset resin; UFR and its NC types were used as adsorbent 
for wastewaters. Layered silicate montmorillonite (MMT) and halloysite nanotube 
(HNT) were used for production of nanocomposite resins in 2wt.% and 5wt.% 
percentages. 
UFR was synthesized under acid condition by condensation polymerization and its 
nanocomposites with HNT and MMT were prepared under acidic condition by in-
situ polymerization technique. Acidification is a necessary condition to activate HNT 
during the reaction. The difference between UFR and its NCs was only water-
swollen montmorillonite/halloysite added to the polymer solution as predetermined 
amounts.  
The adsorption experiments of these samples which were taken 0.05 g were carried 
out on MB and RG dye solutions with 40 mg/L concentration at 30
°
C. Changes of 
adsorption capacities (qt) with time data were plotted on qt-t graph values. 
The adsorption experiments were carried out at its on pH is given table 4.1 and 4.2. 
Table 4.1 : pH values of 40 mg/L dye solutions containing 0.05 g UFM and UFH 
samples at 30
°
C. 
Sample MB RG 
UFM2% 5.85 5.68 
UFM5% 5.80 5.82 
UFH2% 5.33 6.97 
UFH5% 5.38 6.98 
Table 4.2 : pH values of solutions containing UFM5% for 80,120 mg/L dye 
concentration, 0.01, 0.03 adsorbent mass and 40, 50°C temperature. 
UFM5% MB RG 
80 mg/L dye conc. 5.64 5.80 
120 mg/L dye conc. 5.66 5.52 
0.1 g adsorbent 6.62 5.50 
0.3 g adsorbent 6.41 5.40 
40°C 6.55 5.50 
50°C 6.32 5.10 
After determination of the adsorption capacities for the UFM and UFH 
nanocomposites on dye solutions, the applicability of adsorption data on the rate 
equations was investigated and it was found that pseudo second order rate equations 
were fitted to the data.  
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The results showed that there was no adsorption capacity of pure UFR. Besides, UFH 
samples had very low adsorption capacity to examine deeply and hence the 
adsorption capacity (qt) at certain time values for 40, 80, 120 mg/L dye 
concentration, 0.01, 0.03, 0.05 adsorbent mass and 30, 40, 50 °C temperature was 
investigated for only UFM5% which has the best adsorption capacity. 
The effects of amount of adsorbent on adsorption capacity were investigated for 
0.01, 0.03 and 0.05 g UFM5% samples on MB and RG dye solutions of 40 mg/L by 
performing adsorption at 30
°
C.  
The adsorption experiments at various temperatures are performed by using 0.05 g of 
the sample UFM5% on MB and RG dye solutions with 40 mg/L concentration. The 
data taken from the experiments at 30, 40 and 50°C temperatures, adsorption 
equilibrium constants, Gibbs adsorption energies, adsorption enthalpy, and 
adsorption entropies were calculated by thermodynamic calculations.  
The adsorption experiments at 30°C were examined by using 0.05 g of the sample 
UFM5% on MB and RG dye solutions of 40, 80 and 120 mg/L concentrations. The 
results were applied to the Langmuir, Freundlich, Temkin and Dubinin–
Radushkevich adsorption isotherms.   
4.1 Characterization of Samples 
4.1.1 FTIR-ATR spectrophotometric analysis 
FTIR spectra have found many applications in the characterization of polymer-clay 
nanocomposites. The FTIR spectra of the MMT, HNT clays and UFR, UFM5%, 
UFH5% nanocomposites were presented in Figure 4.1 and 4.2. FT-IR spectra were 
recorded in the absorbance mode. The characteristic peaks of the UFR are assigned 
on the graph values. These signals were helpful in identifying the components of 
UFRNCs.          
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               Figure 4.1 : FTIR spectra of (a) MMT , (b) HNT. 
 
                Figure 4.2 : FTIR spectra of (a) UFR, (b) UFH5% (c) UFM5%. 
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The FTIR spectra of the UFR and UFR nanocomposite samples are shown in Figure 
4.2. In the spectrum of the UFR, UFH and UFM, the broad peak around 3267-3276–
3323 cm
-1
, respectively, can be attributed  to the hydrogen bonded O–H and N–H. 
This band is sharp and typical of  hydrogen bonded N–H and O-H, however this 
band is rather broad may be attributed to monomers such as water and formaldehyde, 
whose O–H group may form hydrogen bonds with reactive functional groups as 
CH2OH, NH2 and NH [75,76].  
The amide I and amide II bands at  around 1550-1650 cm
-1
 is very strong in all Urea-
Formaldehyde polymers [44,77]. These absorption bands are observed in this analyse 
which belongs to UFR, UFH and UFM at 1538-1622, 1539-1627 and 1538-1632 cm
-
1
, respectively. The weak absorption bands at around 1350-1470 cm
-1 
for all polymer 
samples may be ascribed to C-H bending mode in –CH2/-CH2OH/N-CH2-N [75]. 
These bands are observed at 1377, 1378, 1380 cm
-1
 for UFR, UFH and UFM, 
respectively. The strong but broad peak at around 1250 cm
-1
 is assigned to C–N 
stretching vibrations of amide II. The strong peak at around 1010 cm
-1
  is due to 
stretching mode of CH2OH [76].  
Crosslinking between organic molecules and surface of clays (SiO2) results in the 
replacement of the most strongly hydrophilic silanol functionality with a material. 
The most used proces of attachment of an organic moiety to silica surface involves 
formation of Si–O–Si or Si–O–C bonds which confirms the existence of absorbtion 
band at around 1150–1130 cm-1 [75]. These bands are observed for UFH and UFM. 
In addition, the spectrum of MMT and HNT exhibits a characteristic peak at around 
1000-1200 cm
-1
, which is due to the asymmetric stretching vibrations of Si–O–Si. 
For nanocomposites, this peak join the CH2OH stretching mode of amide I, in this 
way, the peak is seen stronger. 
4.1.2 Thermal gravimetric analysis 
UFM and UFH samples contain different percentages of MMT and HNT as 
nanocomposite structures. When the clay is burned, the water in its structure moves 
off. TGA analysis were carried out in order to learn how much of the MMT and HNT 
which we had added during synthesis, remained in the UFR samples. 
In order to prepare TGA samples, UF resin and UFH5%, UFM5% resin 
nanocomposites were partially subjected to TGA analysis, and heated at linear 
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heating rate of 10°C/min. Degradation was carried out in a static nitrogen atmosphere 
at temperature from 25 to 800°C. The weight loss (wt%) of the resins were 
calculated, the weight loss (%) rates were shown as a function of temperature in 
Figure 4.3 with thermograms. In general, there were three stages of weight loss 
starting at about 25°C and ending at 800°C, which may correspond to the evaporation 
of the moisture at lower temperature, degradation followed by the structural 
decomposition of the polymer backbones at higher temperatures. Evidently, the onset 
of the thermal decomposition of those samples shifts significantly toward the higher 
temperature range than that of UF, which confirms the enhancement of thermal 
stability of intercalated polymer. After 350°C, all the curves became fairly flat and 
mainly the inorganic residue (i.e., Al2O3, MgO, SiO2) for UFM, UFH and carbon 
residue for all samples remained.  
 
                                   Figure 4.3 : TGA analysis results 
4.1.3 X-ray diffraction analysis (XRD) 
XRD is the most commonly used technique for investigation of the surfactant 
intercalation and expanding of the clay layers. As the interlayer distance increases, 
d001 reflection of XRD shifts to left. By the use of Bragg‘s law, XRD results can be 
interpreted to the interlayer spacings.  
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In revealing the structure of polymer-clay nanocomposites, XRD forms the first step, 
that it provides information about the dispersion of clay layers in the polymer matrix. 
Figure 4.5 shows the XRD patterns of UF resin and series of urea-formaldehyde-clay 
nanocomposites with clay loadings of 2% and 5%. XRD patterns of clays, MMT and 
HNT, are presented in Figure 4.4. 
 
                                 (a)                                                                (b) 
                    Figure 4.4 : XRD patterns of the (a) MMT and (b) HNT. 
 
    Figure 4.5 : XRD patterns of the UFR and its NCs with HNT and MMT. 
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As it is seen from Figure 4.4, there is a diffraction peak at about 2ϴ of 6° and 12° for 
MMT and HNTs, respectively. The same peaks obtained for clays also exist for the 
nanocomposites. Therefore, these XRD data suggest a possible intercalated structure 
for all clay loadings. 
 
4.2 Adsorption Experiments 
4.2.1 Adsorption capacities 
4.2.1.1 Comparison of the prepared nanocomposites and clay samples at 
constant temperature, dye concentration and the amount of adsorbent 
Adsorption experiments were done at 30°C, for 40 mg/L solutions of MB and RG 
dyes by using 0.05 g from MMT, HNT, UFM2%, UFM5%, UFH2% and UFH5% 
samples. The data were plotted on qt-t graphs. 
 
Figure 4.6 : The adsorbed amount of MB by MMT and HNT versus time (at which 
dye concentration= 40 mg/L, adsorbent=0.05 g, T=30 
°
C). 
 
Figure 4.7 : The adsorbed amount of RG by MMT and HNT versus time (at which 
dye concentration= 40 mg/L, adsorbent=0,05 g, T=30 
°
C). 
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Results in Figure 4.6 and 4.7 shows that the adsorption capacities of MMT and HNT 
clays were found as 74.4 mg/g and 48.9 mg/g values, respectively by using MB dye. 
For RG, these values were obtained as 67.7 mg/g and 31.1 mg/g, respectively. The 
results indicated that MMT has higher adsorption capacity than HNT and adsorption 
capacities of clays increase using MB. 
 
Figure 4.8 : The adsorbed amount of MB by UFM5%, UFM2%, UFH5% and 
UFH2% versus time (at which dye concentration=40 mg/L, 
adsorbent=0.05 g, T=30 
°
C). 
 
Figure 4.9 : The adsorbed amount of RG by UFB5%, UFB2%, UFH5% and UFH2% 
versus time (at which dye concentration=40 mg/L, adsorbent=0.05 g, 
T=30 
°
C). 
Adsorption capacities of UFM5%, UFM2%, UFH5% and UFH2% samples were 
found as 18.3 mg/g, 12.6 mg/g, 3.8 mg/g and 3.4 mg/g values, respectively by using 
MB dye. By using RG dye in these experiments, UFM5%, UFM2%, UFH5% and 
UFH2% samples were also found as 16.5 mg/g, 11.9 mg/g, 3.5 mg/g and 3.0 mg/g 
values, respectively. The results implied that by increasing the clay amount in the 
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nanocomposite samples, the adsorption capacities were increased. The other point 
about the adsorption capacities was examined UFM resin nanocomposites showed 
better adsorption capacity than UFH resin nanocomposites.  
4.2.1.2 The effect of adsorbent amount to the adsorption capacity at constant 
temperature and dye concentration 
The adsorption experiments were done by using the different amounts (0.01 g, 0.03 
g, 0.05 g) of UFM5% samples to keep dye solution concentration and the 
temperature constant. The resulted data were plotted on qt-t graphs (Figure 4.10 and 
Figure 4.11). 
 
Figure 4.10 : The change of adsorption capacities for different amounts of UFM5% 
versus time (at which MB dye concentration= 40 mg/L, T=30
°
C). 
 
Figure 4.11 : The change of adsorption capacities for different amounts of UFM5% 
versus time (at which RG dye concentration= 40 mg/L, T=30
°
C). 
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For both MB and RG experiments 0.05 g of adsorbent has the lowest efficiencies. 
The adsorption capacities of 0.01 g of adsorbent are better than 0.03 g and 0.05 g of 
adsorbent, because increasing amount of adsorbent causes to decrease of adsorption 
capacity. This is probably because of the resistance to mass transfer of dye from bulk 
liquid to the surface of the solid, which becomes important at high adsorbent loading. 
4.2.1.3 The effect of dye concentration to the adsorption capacity at constant 
temperature and constant amount of adsorbent 
Adsorption experiments from dye solutions having 40, 80, 120 mg/L concentrations 
were done at 30°C (Figure 4.12 and Figure 4.13). 
 
Figure 4.12 : The change of adsorption capacities at different dye concentrations 
versus time (at which MB, 0.05 g of UFM5%). 
 
Figure 4.13 : The change of adsorption capacities at different dye concentrations 
versus time (at which RG, 0.05 g of UFM5%). 
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The initial dye concentration provides an important driving force for mass transfer 
resistance of the dye between the aqueous and solid phases. By increasing the dye 
concentration of dyes from 40 mg/L to 120 mg/L, adsorption capacities of 0.05 g of 
UFM5% increase from 18.3 mg/g to 26.8 mg/g for MB and from 16.5 mg/g to 22.5 
mg/g for RG.  
4.2.1.4 The effect of temperature to the adsorption capacity at constant dye 
concentration and amount of adsorbent 
By using UFM5% samples, adsorption experiments were done at 30
°
C, 40
°
C, 50
°
C 
and the data were plotted on qt-t graphs (Figure 4.14 and Figure 4.15).  
 
Figure 4.14 : The change of adsorption capacities with different temperatures versus 
time. (at which 0.05 g of UFM5%, MB dye concentration= 40 mg/L). 
 
Figure 4.15 : The change of adsorption capacities with different temperatures versus 
time. (at which 0.05 g of UFM5%, RG dye concentration= 40 mg/L). 
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The higher adsorption capacities are 34.6 mg/g for MB and 31.8 mg/g for RG seen at 
50°C. The adsorption capacities are 18.3 mg/g, and 21.9 mg/g for MB and 16.5 mg/g, 
19.8 mg/g for RG at 30°C and 40°C, respectively. The adsorption capacities increases 
as the temperature  increases. This can be attributed to the increase of the molecules 
to be adsorb onto the surface as a result of increase in kinetic energies due to increase 
temperature. 
4.2.2 Adsorption kinetics studies 
4.2.2.1 Application of pseudo-second order rate equation for different 
nanocomposite samples at constant temperature, dye concentration and amount 
of adsorbent 
Kinetic models were developed and used for definition of mechanism and rate of 
adsorption processes. Adsorption mechanism depends on physical and chemical 
properties of adsorbent. The results of adsorption experiment were tested on 
UFRNCs for MB and RG for different kinetic models. The results fitted pseudo-
second order kinetic model [78]. This was proved by plotting t/qt against t with the 
initial dye concentration of 40 mg/L, certain pH values, the amount of adsorbent 0.05 
g at  30°C (Figure 4.16 and Figure 4.17). The equilibrium adsorption capacities (qe) 
values were calculated from the slope of the obtained straight lines and the 
adsorption rate constant k2 values were obtained from the intercepts. These kinetic 
parameters for the samples were given in Table 4.3 and Table 4.4. 
 
 
Figure 4.16 : Pseudo-second order rate equation for adsorption results of UFNCRs 
(at which MB dye concentration 40 mg/L,  0.05 g adsorbent, T= 30
0
C). 
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Figure 4.17 : Pseudo-second order speed equation for adsorption results of UFNCRs 
(at which RG dye concentration 40 mg/L, 0.05 g adsorbent, T= 30
0
C). 
As can be seen from the tables, generally, qe values are higher for UFM5% and 
UFH5% which include higher clay content. k2 values increase by decreasing clay 
content for UFM resin nanocomposites, while k2 values changes showed contrarily 
for UFH resin nanocomposites.   
Table 4.3 : Kinetic parameters of UFRNCs and MB (at which dye concentration of 
40 mg/L, 0.05 g adsorbent, T= 30
°
C). 
Sample k2(g/mg.min) qe(mg/g) R
2
 
UFM5% 0.181x10
-3
 22.62 0.9967 
UFM2% 0.283x10
-3
 15.38 0.9987 
UFH5% 0.192x10
-3
 6.68 0.9085 
UFH2% 0.192x10
-3
 6.13 0.9275 
Table 4.4 : Kinetic parameters of UFRNCs and RG (at which dye concentration of 
40 mg/L, 0.05 g adsorbent, T= 30
°
C). 
Sample k2(g/mg.min) qe(mg/g) R
2
 
UFM5% 0.111x10
-3
 22.73 0.9953 
UFM2% 0.216x10
-3
 15.29 0.9970 
UFH5% 0.329x10
-3
 5.37 0.9971 
UFH2% 0.213x10
-3
 5.49 0.9887 
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4.2.2.2 Application of pseudo-second order rate equation for different amounts 
of samples at constant temperature and dye concentration 
The adsorption kinetic studies were applied for different amounts of UFM5%, with 
the initial dye concentration of 40 mg/L, at constant temperature. The results were 
presented in Figure 4.18 and Figure 4.19. The calculated kinetic parameters by 
applying pseudo-second order kinetic model were given in Table 4.5 and Table 4.6.  
According to the results for each of the dyes, 0.05 g amount of adsorbent showed the 
best adsorption capacities of equilibrium. 
 
Figure 4.18 : Pseudo-second order rate equation for adsorption results of UFM5% at 
different amounts of adsorbent (at which MB dye concentration 40 
mg/L, T= 30
°
C). 
 
Figure 4.19 : Pseudo-second order rate equation for adsorption results of UFM5% at 
different amounts of adsorbent (at which RG dye concentration 40 
mg/L, T= 30
°
C). 
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The result of kinetic parameters indicated that qe decrease with increasing amount of 
adsorbent and k2 values of equilibrium generally increase with increasing amount of 
adsorbent. 
Table 4.5 : Kinetic parameters for different amounts of UFM5% on MB (at which 
dye concentration of 40 mg/L, T= 30
°
C). 
Amount (g) k2(g/mg.min) qe(mg/g) R
2
 
0.01 0.84x10
-4
 38.02 0.9984 
0.03 0.85x10
-4
 31.85 0.9936 
0.05 1.81x10
-4
 22.62 0.9967 
Table 4.6 : Kinetic parameters for different amounts of UFM5% on RG (at which 
dye concentration of 40 mg/L, T= 30
°
C). 
Amount (g) k2(g/mg.min) qe(mg/g) R
2
 
0.01 0.59x10
-4
 36.50 0.9497 
0.03 0.75x10
-4
 28.82 0.9796 
0.05 1.11x10
-4
 22.73 0.9821 
4.2.2.3 Application of pseudo-second order rate equation for different dye 
concentrations at constant temperature and amount of adsorbent 
Kinetic parameters were calculated according to the change of initial dye 
concentrations at constant temperature for UFM5% and results were presented in 
Figure 4.20 and 4.21. 
 
Figure 4.20 : Pseudo-second order rate equation for adsorption results of UFM5% at 
different dye concentrations (at which MB, 0.05 g UFM5%,  T= 30
°
C). 
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Figure 4.21 : Pseudo-second order rate equation for adsorption results of UFM5% at 
different dye concentrations (at which RG, 0.05 g UFM5%,  T= 30
°
C). 
The results of kinetic parameters of pseudo-second order kinetic model for different 
dye concentrations were given in Table 4.7 and Table 4.8. 
Table 4.7 : Kinetic parameters of UFM5% at different dye concentrations (at which 
MB, 0.05g UFM5%, T= 30
°
C). 
C (mg/L) k2(g/mg.min) qe(mg/g) R
2
 
40 1.11x10
-4
 21.23 0.9967 
80 0.87x10
-4
 28.09 0.9972 
120 0.73x10
-4
 33.33 0.9947 
 
Table 4.8 : Kinetic parameters of UFM5% at different dye concentrations (at which 
RG, 0.05g UFM5%, T= 30
°
C). 
C (mg/L) k2(g/mg.min) qe(mg/g) R
2
 
40 1.11x10
-4
 22.73 0.9821 
80 0.92x10
-4
 26.95 0.9791 
120 0.12x10
-4
 28.57 0.9821 
 
The adsorption capacities of equilibrium increase with increasing dye concentrations, 
while k2  values changes showed contrarily. 
4.2.2.4 Application of pseudo-second order rate equation for different 
temperatures at constant dye concentration and constant adsorbent amount 
The values of kinetic calculations were obtained from t/qt – t plots at different 
temperatures of 30, 40 and 50
°
C. 
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Figure 4.22 : Pseudo-second order rate equation for adsorption results of UFM5% at 
different temperatures (at which MB dye concentration 40 mg/L, 0.05 g 
UFM5%). 
 
Figure 4.23 : Pseudo-second order rate equation for adsorption results of UFM5% at 
different temperatures (at which RG dye concentration 40 mg/L, 0.05 g 
UFM5%). 
Kinetic parameters were examined according to the change of temperature and were 
presented in  Table 4.9 and 4.10 by using the plots of Pseudo-second order rate 
equations. 
Adsorption capacities on MB and RG increased from 23 mg/g to 54 mg/g and  23 
mg/g to 51 mg/g, respectively, with the increase of the temperature. k2 values 
decreased whereas qe values in MB and RG dye solutions. 
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Table 4.9 : Kinetic parameters of UFM5% at different temperatures (at which MB 
concentration of 40 mg/L, 0.05 g UFM5%). 
T(
°
C) k2(g/mg.min) qe(mg/g) R
2
 
30 1.81x10
-4
 22.62 0.9349 
40 1.16x10
-4
 28.25 0.9929 
50 0.31x10
-4
 53.76 0.9967 
Table 4.10 : Kinetic parameters of UFM5% at different temperatures (at which RG 
concentration of 40 mg/L, 0.05 g UFM5%). 
T(
°
C) k2(g/mg.min) qe(mg/g) R
2
 
30 1.11x10
-4
 22.73 0.9821 
40 0.78x10
-4
 28.41 0.9793 
50 0.31x10
-4
 50.76 0.8894 
4.2.3 Adsorption thermodynamic studies 
Experimental data obtained via the method given in section 2.5.7; Ce and CA values 
were put in Equation 2.18 and for each temperature and then the equilibrium constant 
Kc values were calculated. Equilibrium constant Kc, which changes according to the 
temperature, can be used in the calculation of standard Gibbs free energy change 
(∆G0), standard enthalpy change (∆H0) and standard entropy change (∆S0) of 
adsorption.  
Equilibrium constants calculated at 30, 40 and 50
°
C temperatures for the adsorption 
of MB and RG dyes on UFM5% by using Van't Hoff equations (Figure 4.24 and 
Figure 4.25).  
 
 
                     Figure 4.24 : Van‘t Hoff Line of  UFM5% sample for MB. 
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                     Figure 4.25 : Van‘t Hoff Line of  UFM5% sample for RG. 
The calculated Kc, ΔG
0
, ΔH0, ΔS0 and Ea with the thermodynamic functions were 
given in Table 4.11 and Table 4.12.   
Table 4.11 : Thermodynamic parameters of UFM5% on MB. 
T(K) KC ∆G
0
(kJ/mol) ∆H0(kJ/mol) ∆S0(J/K.mol) Ea (kJ/mol) 
303 0.296 3.06  
38.29 
116.27  
313 0.376 2.54 114.22 8.63 
323 0.764 0.72 116.32  
Table 4.12 : Thermodynamic parameters of UFM5% on RG. 
T(K) KC ∆G
0
(kJ/mol) ∆H0(kJ/mol) ∆S0(J/K.mol) Ea (kJ/mol) 
303 0.259 3.40 
37.79 
113.50  
313 0.329 2.89 111.49 6.28 
323 0.660 1.12 113.54  
The Table 4.11 and 4.12 implied that ΔG0>0, ΔH0>0, ΔS0>0, the adsorption is non-
spontaneous. This shows that adsorption can not occur spontaneously and it requires 
energy outwardly. By the temperature increase from 303 K to 323 K, the equilibrium 
constant has increased and this proves that by the increase of temperature, the 
equilibrium capacity of adsorption increases. ∆H0 value which is calculated by 
accepting ∆H0 from the curve of Van‘t Hoff equation as a constant in this 
temperature range was calculated as 38.29 and 37.79 kJ/mol for MB and RG, 
respectively. The positive value for ∆H0 indicates that the adsorption processes are 
endothermic. The positive value of ΔS0 reflects the affinity of the adsorbent for MB 
and RG.  
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In the adsorption studies, low activation energies (5–40 kJ mol−1) are characteristic 
of physical adsorption, while higher ones (40–800 kJ mol−1) suggest chemisorption 
[55]. In the present study Ea= +8.63 kJ mol
-1
 for MB and Ea= +6.28 for RG 
indicating that the adsorption has a low potential barrier corresponding to a 
physisorption. 
4.2.4 Adsorption isotherm studies   
Adsorption isotherms are used in explaining the relationship between the amount of 
adsorbed on the adsorbent and the amount of dissolved substances in aqueous 
solution. In this study, adsorption of MB and RG cationic dyes from aqueous 
solution onto UFM5% was modeled using Freundlich, Langmuir, Temkin and 
Dubinin–Radushkevich isotherms.  
Freundlich adsorption isotherms were calculated by plotting log qe against log Ce  
(Figure 4.26 and Figure 4.27) and Langmuir adsorption isotherms were calculated by 
plotting Ce/qe against Ce for MB and RG (Figure 4.28 and Figure 4.29). 
 
Figure 4.26 : Freundlich adsorption isotherm of MB and RG onto UFM5% at 30°C, 
respectively. 
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Figure 4.27 : Langmuir adsorption isotherm of MB and RG onto UFM5% at 30°C, 
respectively. 
Table 4.13 : Freundlich and Langmuir isotherm constans of UFM5% on MB. 
 
FREUNDLICH      LANGMUIR 
ISOTHERM      ISOTHERM 
Sample 
Name n 
KF 
R
2
 
qmax 
 (mg/g) 
KL 
 R
2
 (L/g) (L/mg) RL 
UFM5 3.29 6.405 0.9908 33.113 
 
0.185 0.9899 0.037 
 
Table 4.14 : Freundlich and Langmuir isotherm constans of UFM5% on RG. 
 
FREUNDLICH       LANGMUIR 
ISOTHERM     ISOTHERM 
Sample 
Name n 
KF 
R
2
 
qmax 
 (mg/g) 
KL 
 R
2
 (L/g) (L/mg) RL 
UFM5 4.03 6.939 0.9874 26.455 
 
0.150 0.9927 0.047 
 
It can be seen from Table 4.13 and Table 4.14 that the values of the correlation 
coefficients (R
2
) demonstrated almost perfect agreement of the experimental data 
with the Freundlich and Langmuir model. It was evident from these data that the 
surface of UFM5% was made up of homogeneous and heterogeneous adsorption 
patches. In other words, the correlation coefficients of Freundlich isotherm model 
and Langmuir isotherm model were slightly closer to each other and they fitted very 
well when the R
2
 values were compared. The Langmuir model correlation 
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coefficients were 0.9899–0.9927, the Freundlich model correlation coefficients were 
0.9908 and 0.9874. 
Freundlich model suggests that the boundary layer thickness is increased. This, 
however, is indicative of the heterogeneity of the adsorption sites on the adsorbent. 
One of the Freundlich constants KF indicates the adsorption capacity of the adsorbent 
and is a constant which shows the strength of the relationship between adsorbate and 
adsorbent. KF values were found as 6.405 and 6.939 L/g for MB and RG, 
respectively. The other Freundlich constants n is a measure of the deviation from 
linearity of the adsorption. If a value for n is equal to unity the adsorption is linear. If 
a value for n is below to unity, this implies that adsorption process is chemical, but a 
value for n is above to unity, adsorption is favorable a physical process. The values 
of n at equilibrium were 3.29 and 4.03, represented favorable adsorption, and 
therefore this was seemed to suggest that physical, which was referred the adsorption 
bond becomes weak and conducted with Van der Waals forces, rather than chemical 
adsorption was dominant when it was used for adsorbing MB and RG [55,79]. 
Langmuir isotherm model proposed that when the value of R
2 
is greater than 0.89, 
the adsorption data can follow the Langmuir model. Furthermore, the value of qmax 
which was the measure of the maximum adsorption capacity of adsorbent for MB 
and RG were calculated 33,113 and 26.455 mg/g, respectively. The essential features 
of the Langmuir isotherm may be expressed in terms of equilibrium parameter RL, 
which is a dimensionless constant referred to as separation factor. As the RL values 
lie between 0 and 1, the on-going adsorption process is favorable. Further, the RL 
values for MB and RG onto UFM5% at 30 °C were 0.185 and 0.150, respectively, 
therefore, the adsorption is ―favorable‖. Representing the experimental data by 
Langmuir isotherm indicated both the homogeneous nature of adsorbent surface and 
the formation of monolayer coverage of MB and RG molecules at its outer surface 
[80]. 
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Temkin adsorption isotherms were calculated by plotting qe against ln Ce  (Figure 
4.30 and Figure 4.31) and Dubinin–Radushkevich adsorption isotherms were 
calculated by plotting lnqe against  2 for MB and RG (Figure 4.32 and Figure 4.33). 
 
Figure 4.28 : Temkin adsorption isotherm of MB and RG onto UFM5% at 30°C,  
respectively. 
 
Figure 4.29 : Dubinin–Radushkevich line adsorption isotherm of MB and RG onto 
UFM5% at 30°C, respectively. 
Table 4.15 :  Temkin and Dubinin-Radushkevich isotherm constans of UFM5% on 
MB. 
 
TEMKIN DUBININ-RADUSHKEVICH 
ISOTHERM ISOTHERM 
Sample 
Name 
B 
(J/mol) 
AT 
R
2
 
qs 
(mg/g) 
  E 
R
2
 (L/g) (mol
2
/J
2
) (kJ/mol) 
UFM5 6.71 0.477 0.9776 26.115 6.10
-5
 
 
0.8935 4.17 
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Table 4.16 : Temkin and Dubinin - Radushkevich isotherm constans of UFM5% on 
RG. 
 
TEMKIN DUBININ-RADUSHKEVICH 
ISOTHERM ISOTHERM 
Sample 
Name 
B 
(J/mol) 
AT 
R
2
 
qs 
(mg/g) 
  E 
R
2
 (L/g) (mol
2
/J
2
) (kJ/mol) 
UFM5 4.76 0.965 0.9755 21.971 5.10
-5
 
 
0.8835 5.00 
 
The Temkin isotherm model assume that the heat of adsorption of all the molecules 
in the layer decreases linearly with coverage due to adsorbent-adsorbate interactions 
and that the adsorption is characterized by a uniform distiribution of binding 
energies, up to some maximum binding energy. Therefore, this model provided 
calculation of equilibrium binding constant corresponding to the maximum binding 
energy, AT were 0.477 and 0.965, which implied that the adsorption process is 
favorable [81].   
The Dubinin - Radushkevich isotherm is more general than the Langmuir isotherm 
because it does not assume a homogeneous surface or constant adsorption potential. 
It was applied to distinguish between the physical and chemical adsorptions of dye. 
The mean free energy (E) of adsorption per molecule of the adsorbate gives 
information whether adsorption mechanism is ion-exchange or physical adsorption. 
If the magnitude of E is between 8 and 16 kJ mol
-1
, the adsorption process follows by 
ion-exchange, while for the values of E<8 kJ mol
−1
, the adsorption process is of a 
physical nature. The numerical values of adsorption of the mean free energies were 
4.17 and 5.00 kJ mol
−1
 corresponded to a boundary of a physisorption and the 
predominance of van der Waals forces [82]. 
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5. CONCLUSION 
The objective of this thesis was to investigate colour removal of two kinds of dyes 
from water by adsorption method with the use of an adsorbent which is a resin 
nanocomposite. UFR and its nanocomposite types were used as adsorbent on two 
types of cationic dyes. Montmorillonite (MMT) and halloysite nanotube (HNT) were 
used for production of nanocomposite resins in 2wt.% and 5wt.% percentages. The 
used dye stuffs are methylene blue (MB) and red grlt (RG). 
UFR was synthesized by condensation polymerization under acid condition and its 
nanocomposites with HNT and MMT were prepared under acidic condition by in-
situ polymerization technique. The synthesized samples (UFR, UFH, UFM) and 
clays (MMT, HNT) were structurally defined by performing the FTIR 
characterization. FTIR spectrum gives the peaks that are expected due to the 
chemical structure of UFR and its nanocomposites.  
Thermal decomposition behaviors of  UFR and its nanocomposites were determined 
with TGA measurements. The weight loss rate as a function of temperature of UFR 
was higher than that of nanocomposite resins.  
UV/Visible spectroscopy were used to obtain adsorption data. Changes of adsorption 
capacities (qt) with time data showed adsorption capacity of resin nanocomposites 
increased by increasing of percentage of clay and the samples which containing 
MMT had higher  adsorption capacity than that of HNT containing samples.  
After determination of the adsorption capacities for the UFM and UFH 
nanocomposites on dye solutions, the applicability of adsorption data on the rate 
equations was investigated and it was found that pseudo second order rate equations 
were fitted to the data. Due to the highest adsorption capacities and a good 
correlation were obtained by applying of UFM5% sample, the parameters of amount 
of adsorbent, dye concentration and temperature were investigated by using UFM5% 
sample.   
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The amount of dye adsorbed was found to vary with adsorbent dosage, initial dye 
concentration, and temperature. According to the results for each of dye; the amount 
of dye adsorption (mg/g) was found to increase with increasing contact time, 
temperature, and initial dye concentration, but decreased with an increasing 
adsorbent dosage. 
The adsorption experiments at various temperatures are performed by using 0.05 g of 
the sample UFM5% on MB and RG dye solutions with 40 mg/L concentration. The 
data were used to calculate thermodynamic quantities such as ΔG0, ΔH0, ΔS0 and Ea 
of adsorption. The value of Ea (+8.63 kJ mol
-1
 for MB and +6.28 for RG) confirms 
the nature of physisorption of dyes onto UFM5%. The enthalpy change (ΔH0) for the 
adsorption process was indicative of the endothermic nature of adsorption and a 
physical adsorption. The ΔG0 values were positive; therefore, the adsorption was 
nonspontaneous and the positive value of ΔS0 reflected the affinity of the adsorbent 
through the adsorption of MB and RG onto UFM5%. 
The adsorption isotherms of dye onto UFM5% were analyzed according to 
Langmuir, Freundlich, Temkin and Dubinin-Radushkevich models. Although 
Freundlich model for MB and Langmuir model for RG were better model to describe 
the adsorption data, all of four-isotherm models for each of dye adsorption were 
fitted well with the experimental equilibrium data. The mechanism of the dye–
adsorbent interaction were thus likely to be very complicated involving a wide range 
of sites differing in a number of aspects including energy considerations. 
In conclusion, adsorption ability was gained to pure UFR by adding MMT and HNT 
nanoadditives and the colour removal efficiency with having adsorption properties 
was examined for UFRNCs, thus, UFRNCs can be used as a new adsorbent to treat 
wastewater containing cationic dyes.  
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APPENDICES 
APPENDIX A: Absorption spectrums of the MB. 
APPENDIX B: Absorption spectrums of the RG. 
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APPENDIX A 
 
Figure A.1 : The maximum absorption levels of MB at 5 mg/L concentration. 
 
Figure A.2 : The maximum absorption levels of MB at 10 mg/L concentration. 
 
Figure A.3 : The maximum absorption levels of MB at 20 mg/L concentration. 
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APPENDIX B 
 
Figure B.1 : The maximum absorption levels of RG at 5 mg/L concentration. 
 
Figure B.2 : The maximum absorption levels of RG at 10 mg/L concentration. 
 
Figure B.3 : The maximum absorption levels of RG at 20 mg/L concentration. 
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